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employment  tactics  within  a a;lven  tactical  scenario.  Input 
variables  pertaining  to  command  guidance,  type  of  operation, 
weather  conditions,  and  weapons  and  ammunition  available 
provide  the  setting.  At  the  appropriate  time  during  the  battle, 
smoke  Is  automatically  placed  on  or  near  the  opposing  force’s 
location  so  that  the  smoke  clouds  drift  Into  the  llne-of-sight 
between  the  attacker  and  defender. 

The  second  part  of  the  modej  consists  of  computing  If 
Intervlslblllty  exists  between  opposing  forces  at  each  second 
of  the  battle.  As  a representation  of  a smoke  cloud,  a sphere 
Is  used  to  simulate  white  phosphorous  (WP)  and  a cone  Is  used 
to  simulate  hexachloroethane  (HC).  The  program  calculates  If 
the  llne-of-slght  Intersects  any  part  of  either  one  of  these 
types  of  three  dimensional  figures.  If  an  Intersection  occurs, 
the  llne-of-sl«:ht  Is  blocked  j therefore,  Intervlslblllty  does 
not  exist. 

A series  of  test  runs  were  conducted  to  verify  the  model. 
Bursting  radii  of  the  smoke  rounds,  atmospheric  stability 
conditions,  type  of  smoke  munitions,  wind  speeds,  and  wind 
directions  were  the  parameters  varied  for  the  tests.  In  all 
cases  the  model  produced  results  consistent  with  thep^xpected 
outcome.  \ 

The  methodolgy  used  in  this  study  provides  a basis  for 
future  simulations  of  tactical  smoke  emplyraent  In  computerized 
combat  models. 
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ABSTRACT 


Recent  intelligence  reports  indicate  that  Warsaw  Pact  forces 
are  placing  increased  emphasis  on  the  use  of  tactical  smoke.  In 
response,  US  forces  have  begun  to  evaluate  their  own  capabilities 
to  employ  smoke.  One  method  of  conducting  this  evaluation  is 
to  include  smoke  employment  in  combat  models.  This  thesis  presents 
a computer  model,  SIMSMOKE,  which  has  this  capability. 

The  first  part  of  the  model  consists  of  simulating  the  smoke 
employment  tactics  within  a given  tactical  scenario.  Input  enables 
pertaining  to  command  guidance,  type  of  operation,  weather  condi- 
tions, and  weapons  and  ammunition  available  provide  the  setting. 

At  the  appropriate  time  during  the  battle,  smoke  is  automatically 
placed  on  or  near  the  opposing  force's  locations  so  that  the 
smoke  clouds  drift  into  the  line-of-sight  between  attacker  and 
defender. 

The  second  part  of  the  model  consists  of  computing  If  inter- 
vislbtlity  exists  between  opposing  forces  at  each  second  of  the 
battle.  As  a representation  of  a smoke  cloud,  a sphere  is  used 
to  simulate  white  phosphorous  (WP)  and  a cone  is  used  to  simulate 
hexachoroethane  (HC).  The  program  calculates  if  the  line-of-sight 
intersects  any  part  of  either  one  of  these  types  of  three  dimen- 
sional figures.  If  an  Intersection  occurs,  the  line-of-sight  is 
blocked;  therefore,  intervisibility  does  not  exist. 

A series  of  test  runs  were  conducted  to  verify  the  model. 

Bursting  radii  of  the  smoke  rounds,  atmospheric  stability  condi- 
tions, type  of  smoke  munitions,  wind  speeds,  and  wind  directions 
were  the  parameters  varied  for  the  tests.  In  all  cases  the  model 
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CHAPTER  I 
INTRODUCTION 

Recent  intelligence  reports  indicate  that  Warsaw  Pact  forces 
are  increasing  their  use  of  tactical  smoke  in  training  exercises. 

There  are  also  indications  that  they  are  updating  their  smoke 
delivery  means  and  improving  their  smoKe  protective  systems.1 
As  a result  of  these  new  activities,  US  forces  have  begun  to  eval- 
uate their  own  capabilities  to  employ  smoke,  and  to  determine  what 
effects  smoke  employment  by  either  side  might  have  on  the  outcome 
of  future  battles. 

Although  smoke  was  used  during  the  Korean  War  and  occasionally 
in  the  Vietnam  conflict,  documentation  and  technology  have  advanced 
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little  since  World  War  II.  Many  field  manuals  and  technical  manuals  ’ 
which  describe  US  delivery  means  and  employment  policies  show  little 
change  from  their  1940  and  1950  predecessors,  The  smoke  generating 
units  used  in  WW  II  and  Korea  have  been  inactivated  and  their 
equipment  has  been  turned  over  to  unmanned  units  or  salvaged,  US 
smoke  capability  today  is  primarily  artillery  delivered  white  phos- 
phorous (WP)  and  hexachloroethane  (HC),  The  ammunition  Is  mostly 
the  same  type  as  that  used  in  the  Korean  War  or  earlier. 

In  the  past  three  years  the  US  Army  has  become  increasingly 
interested  in  improving  Its  smoke  program,  Headquarters,  Training 
and  Doctrine  Command  (TRADOC)  has  become  particularly  active  in 
examining  US  capability  to  employ  smoke,  TRADOC  has  also  been 
interested  in  US  forces'  ability  to  survive  in  a smoke  environment. 
Field  tests  have  been  conducted  and  more  are  scheduled  on  the 
effectiveness  of  smoke  munitions  and  their  effect  on  US  weapons 
systems,4  New  ammunitions,  particularly  the  artillery  "wick" 


round,  are  under  development.  Army  officials  have  now  appointed  a 
smoke  Project  Manager  under  the  proponency  of  the  US  Army  Material 
Development  and  Readiness  Command. 
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The  use  of  smoke  on  the  battlefield  poses  many  complex  questions: 

a.  When  should  it  be  employed? 

b.  How  should  smoke  be  employed? 

c.  What  type  of  ammunition  is  best  for  a given  situation? 

d.  What  are  the  effects  on  target  acquisition? 

e.  Will  US  weapons  performance  be  seriously  degraded? 

These  are  just  a few  problems  which  face  Army  tacticians  and  tech- 
nicians. 

One  approach  to  answering  these  questions  is  to  use  computerized 
combat  simulations.  Recognizing  this  fact,  Headquarters,  TRADOC 
directed  that  current  combat  models  be  modified  so  that  smoke  could 
be  represented,  lo  support  this  effort,  TRADOC  sponsored  two  work- 
shops at  Fort  Leavenworth,  Modelers  from  major  Army  analysis  agencies 
met  in  May  1976  and  July  1976  to  pool  their  knowledge  and  to  provide 
direction  for  the  modeling  effort,  The  resulting  document  from  the 
meetings  was  the  Modeler's  Guide  to  the  Tactics  and  Doctrine  of  Smoke 


The  purpose  of  this  thesis  is  to  develop  and  present  a computer 
model  which  can  represent  tactical  smoke.  The  program  is  designed 
to  be  used  with  external  terrain  and  movement  subroutines.  Collectively 
these  routines  may  be  used  to  drive  larger  combat  simulations  or  be 
used  independently  in  order  to  conduct  analysis  of  smoke  operations, 
lhe  scope  of  the  study  is  limited  by  the  following: 
a.  Only  intentional  smoke  is  modeled,  i.e.,  non-del Iberate  smoke 
such  as  that  generated  by  battlefield  fires  and  high  explosive  rounds 
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is  not  represented. 

b.  Ammunition  which  is  not  currently  in  the  Army  inventory,  such 
as  the  new  wick  round,  is  not  represented  since  there  is  a lack  of 
validated  performance  data  on  the  ne  i rounds.  In  particular,  only 
current  HC  and  WP  munitions  are  considered. 

c.  The  model  considers  only  obscuration  effects  on  1 ines-of-sight 
between  friendly  and  energy  elements.  Factor-  such  as  degradation  of 
maneuverability  and  probabilities  of  hit  are  not  represented. 

d.  The  tactics  and  doctrine  of  smoke  employment  used  in  the  model 
are  established  fcr  modeling  purposes  only.  They  are  incorporated  in 
the  model  in  such  a manner  that  they  may  be  readily  hanged  as  US 

and  Warsaw  Pact  tactics  and  doctrine  change. 

There  are  terms  frequently  used  in  smoke  studies  which  have  dual 
definitions  and,  therefore,  are  misleading.  For  this  study  the 
following  definitions  are  provided: 

a.  Smoke  Screen:  A cloud  of  smoke  used  to  obscure  vision, 

b.  Effective  Fire:  Direct  or  indirect  fire  which  either 

suppresses  or  destroys  the  enemy.  More  specifically,  if  a friendly 
force  uses  smoke  on  an  enemy,  both  sides  are  obscured,  However,  the 
friendly  force  can  still  place  fire  in  the  general  location  of  the 
enemy  thereby  either  suppressing  or  destroying  him,  On  the  other 
hand,  the  enemy  is  within  the  smoke  cloud  and  therefore  has  no  way 
of  effectively  tracking  and  thereby  suppressing  the  friendly  force, 

c.  Point  Smoke:  Smoke  fired  by  an  artillery  or  mortar  unit  at 

a single  point  using  normal  round  dispersion, 

d.  Smoke  Sheaf:  A.  smoke  screen  created  by  smoke  rounds  impacting 

along  a straight  line. 

Chapter  II  is  largely  an  expansion  and  revision  of  the  Modeler's 


liuide  to  t h<*  lactic,  and  Doctrine  of  Smoke  Employment.  Chapter  III 
presents  a detailed  description  of  the  smoke  simulation  model  (SIMSMOKE) , 
followed  in  Chanter  IV  by  a discussion  of  the  results  of  verification 
and  sensitivity  runs  of  the  smoke  program.  The  final  chapters  presents 
conclusions  and  recommendations,  as  well  as  areas  for  further  research. 
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VAC  I U AL  SMOKF.  EMPLOYMENT 

A battle  between  NATO  and  Warsaw  Pact  forces  in  the  next  decade 
will  undoubtedly  be  extremely  violent  and  very  complex.  Unit 
commanders  will  have  far  more  sophisticated  weapons  and  far  more 
fire  power  than  ever  before.  Confusion  on  the  battlefield  will 
be  a constant  problem  for  both  sides.  Even  without  intentional 
smoke,  obscuration  created  by  explosions  alone  will  plague  opposing 
forces.  A look  at  the  weapons  which  might  be  available  to  a single 
battalion  commander  on  the  US  side  emphasizes  this  point. 


81mm  Mortar 

4.2  in  Mortar 

155  mm  Howitzer  (HE) 

8 in  Howitzer  (HE) 

XM1  Tank 

BUSHMASTER 

FASCAM 

CLGP 


LAW 

DRAGON 

TOW 

7,62  mm  Machine  Gun 
50  Caliber  Machine  Gun 
Attack  Helicopter 
Close  Air  Support  (LSAF) 
VULCAN 


Table  1,  Weapons  Available  to  a US  Battalion 


If  the  opposing  battalion  conimander  has  similar  weaponry  and 
in  an  equal  or  greater  quantity,  then  direct  fire  engagement  ranges 
may  be  significantly  decreased  because  of  acquisition  and  tracking 
problems  caused  by  obscuration.  If  smoke  is  introduced  on  the  battle- 
field by  either  side,  visibility  could  further  be  degraded  to  the 
point  that  maximum  effective  ranges  of  weapons  may  become  a purely 
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academic  number.  In  fact,  the  dominant  weapons  performance  charac- 
teristic may  become  the  minimum  effective  range.  Antitank  guided 
missiles  may  never  have  a chance  to  be  acquired  by  their  trackers. 

In  the  most  extreme  cases  of  obscuration,  forces  might  even  pass 
through  each  other  without  acquiring  a target. 

Given  that  smoke  can  be  an  important  factor  in  determining 
combat  effectiveness,  the  question  arises,  "What  is  the  best  way  to 
employ  smoke?"  Several  Army  documents  provide  general  guidelines 
wnich  are  particularly  useful  to  the  tactician;6,7  however,  the 
technician  attempting  to  simulate  smoke  employment  needs  more 
definitive  guidance. 

For  the  purpose  of  this  study  the  use  of  smoke  in  the  three 
major  types  of  operations  --  the  offense,  defense,  and  retrograde  — 
are  discussed.  In  addition,  two  special  types  of  offensive 
operations  --  the  river  crossing  and  the  minefield  breaching  --  are 
separately  considered.  The  objective  of  the  discussion  is  to  explain 
the  criteria  for  determining  impact  points  and  when  to  fire  the 
smoke  rounds.  The  rationale  for  these  recommendations  is  also  dis- 
cussed so  that  the  technicians  who  simulate  smoke  operations  will 
better  understand  the  tacticians  * decision  process, 

Offense 

In  the  offense  the  objective  of  the  attacker  is  to  obscure  the 
defender's  vision  so  that  the  attacker  can  move  swiftly  towards 
his  enemy  without  coming  under  effective  fire.  This  can  best  be 
accomplished  by  placing  a smoke  screen  in  a sheaf  immediately  in 
front  of  and  parallel  to  the  defender's  frontline,  direct  fire 
weapons  and  point  smoke  on  suspected  and  known  artillery  forward 
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observer  locations.  An  example  is  depicted  in  Figure  1. 


Figure  1.  The  Offense 

Defense 

In  the  defense  the  objective  of  the  defender  is  to  obscure  the 
attacker's  vision  at  and  Immediately  beyond  the  defender's  primary 
antitank  weapons'  maximum  effective  range.  The  purpose  of  this  tactic 
is  to  service  enemy  targets  as  soon  as  they  break  out  of  the  smoke 
screen  and  are  just  inside  of  the  maximum  effective  range  of  the 
defender's  antitank  guided  missiles  (ATGM),  Hopefully  the  attacker 
will  be  slowed  down  and  disoriented,  and  will  have  difficulty 
acquiring  defender  targets.  Additionally,  smoke  should  be  fired  in 
a sheaf  immediately  in  front  of  and  parallel  to  any  overwatch 
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positions.  As  with  l ho  offense,  flic  defender  should  place  point  smoke 
on  susoected  or  known  enemy  forward  observer  locations. 


Retrograde 

Of  the  three  types  of  retrograde  operations,  delay,  withdrawal, 
and  retirement,  only  the  first  two  will  be  considered  since  the  latter 
should  not  require  smoke. 

In  the  delaying  action  forces  left  in  contact  are  essentially 
fighting  a temporary  defensive  battle  and,  therefore,  should  employ 
smoke  as  in  the  defense. 

In  the  withdrawal  the  objective  of  the  withdrawing  force  is  to 
mask  Its  movement  to  the  rear.  Therefore,  smoke  should  be  fired 
in  a sheaf  Immediately  to  the  rear  of  the  withdrawing  elements. 
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This  will  not  only  screen  the  friendly  force  but  also  will  obscure 
the  enemy's  vision  as  he  pursues  through  the  smoke  cloud.  For  higher 
resolution  models  individual  tanks  and  reconnaissance  vehicles  should 

I 

be  represented  using  exhaust  smoke  such  as  the  Teledyne  system  or 
smoke  grenades  such  as  the  XM-239  system,  As  In  the  other  type 
operations,  point  smoke  should  be  fired  on  suspected  or  known  enemy 
forward  observer  locations. 


figure  3.  The  Withdrawal 


Ri ver  Crossing 

The  river  crossing  is  a special  type  of  offensive  operation.  The 
objective  of  the  attacker  is  to  obscure  the  defender's  vision  as  the 
attacker  crosses  the  water  obstacle.  As  In  the  offensive  operation 
discussion,  the  attacker  should  place  a smoke  sheaf  immediately  in 
front  of  the  defender's  forward  positions  and  place  point  smoke  on 
the  enemy's  forward  observer  locations.  Additionally,  the  attacker 
should  place  smoke  on  both  banks  of  the  river  and  on  the  water,  if 
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necessary,  in  order  to  inask  the  crossing  and  to  deceive  the  enemy 
as  to  the  actual  crossing  site.  This  normally  will  be  done  using 
:>moke  generators  or  pots, 


Figure  4,  The  River  Crossing 


Minefield  Breaching 

The  minefield  breaching  is  also  a special  case  of  an  offensive 
operation.  The  objective  of  the  attacker  is  to  obscure  the  enemy’s 
vision  as  the  attacker  crosses  the  minefield,  It  should  be  assumed 
that  the  defender  has  registered  preplanned  artillery  fires  on  the 
minefield;  therefore,  smoke  can  do  little  to  degrade  the  indirect 
fire  effectiveness.  However,  the  enemy's  direct  fire  weapons  must 
still  be  aimed.  To  assist  in  countering  the  threat,  the  force 
crossing  the  minefield  should  place  a sheaf  immediately  in  front  of 
the  breaching  elements  In  order  to  obscure  the  defender's  vision. 
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Smoke  should  also  be  employed  as  to  any  offensive  operation. 


Figure  5.  The  Minefield  Breaching 

It  is  recognized  that  a commander  may  not  desire  to  use  smoke 
in  every  instance  and  at  every  location  just  discussed.  However, 
the  model  should  be  designed  to  provide  the  capability  for  representing 
such  employment  should  the  need  arise. 

Besides  the  tactical  considerations  of  placement  and  timing  of 
smoke  screens,  several  other  kinds  of  variables  must  be  considered. 
Typical  questions  which  remain  unanswered  include  the  following: 

a.  What  guidance  has  been  Issued  from  higher  headquarters? 

b.  Which  of  the  operations  just  discussed  is  to  be  conducted 
(offense,  defense,  or  retrograde)? 

c.  What  are  the  atmospheric  conditions? 

d.  What  are  the  macro-terrain  features? 

e.  What  are  the  quantity  and  kinds  of  smoke  rounds  available? 


1? 


Although  those  questions  can  he  answered  in  a variety  of  ways,  a 
convenient  method  is  to  divide  them  into  five  major  categories  and 
to  respond  to  each  category  in  a logical  order.  These  groupings 
include  command  guidance,  tactical  situation,  weather  and  terrain, 
weapons  available,  and  ammunition  available,  A flow  chart  of  these 
is  shown  in  Figure  6 on  the  following  page. 

Within  these  broad  categories  are  many  smaller,  more  specific 
problems  which  must  be  solved  before  smoke  can  be  represented  In  a 
combat  model.  These  are  discussed  In  the  next  chapter  as  a part  of 
the  description  of  the  SIMSMOKE  model. 
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Figure  6.  Major  Decision  Rules 
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CHAPTER  III 


MODEL  DESCRIPTION 


SIMSMOKE  is  a computer  model  which  determines  if  intervisibility 
exists  between  an  attacker  and  a defender  under  simulated  smoke 
conditions.  The  smoke  may  be  fired  by  either  side  or  both,  using 
either  HC  or  WP  munitions,  and  under  a variety  of  atmospheric 
conditions.  The  program  is  designed  to  be  used  with  terrain  and 
movement  subroutines  as  a 1 ine-of-sight  preprocessor  for  combat 

O 

models  or  as  a subroutine  to  the  Simulated  Terrain  Model  (SIMTER), 

If  used  as  a preprocessor,  the  smoke  is  treated  as  moving  macro-terrain, 
thereby  raising  elevation  data  in  those  areas  in  which  the  smoke  is 
present.  For  this  particular  study,  however,  SIMSMOKE  is  used  in 
conjunction  with  SIMTER.  SIMSMOKE/SIMTER  model  structure  is  shown 
in  Figure  7. 

SIMTER  is  a computer  model  which  simulates  continuous  macro- 
terrain by  randomly  creating  bivariate  normal  distributions  which 
graphically  resemble  hills.  Since  the  terrain  is  continuous,  lines- 
of-sight  can  be  determined  at  any  time  without  approximating  the 
terrain  elevation  between  discrete  points,  Furthermore,  intervisibility 
output  data  is  provided  at  one  second  time  intervals  as  the  attacker 
moves  towards  his  objective.  This  frequent  output  is  particularly 
useful  for  conducting  sensitivity  analysis  of  smoke  employment  tech- 
niques when  the  SIMSMOKE  subroutine  Is  used. 

The  simulated  smoke  model  has  two  main  parts,  The  first  is  the 
main  program  which  handles  the  processing  of  external  guidance  and 
variables.  It  represents  both  the  tactical  and  technical  decision 
logic  which  is  necessary  to  employ  tactical  smoke,  The  second  part, 
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Figure  7.  Model  Structure 
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which  consists  of  two  subroutines,  does  the  1 ine-of-sight  calcula- 
tions. By  checking  to  see  if  any  smoke  is  directly  between  the 
attacker  and  defender,  intervisibility  is  determined.  One  of  the 
subroutines  is  used  for  HC  smoke,  the  other  for  WP,  Both  the  main 
program  and  the  subroutines  are  discussed  in  detail  in  the  following 
sections. 

The  Main  Program 

Once  SIMTER  has  determined  that  intervisibility  exists  between 
two  points,  it  calls  the  SIMSMOKE  subroutine  to  see  if  smoke 
interferes  with  this  line-of-sight,  Several  input  variables  are 
passed  along  with  the  call.  These  variables  are  discussed  as  they 
are  used  in  the  program,  and  are  further  explained  in  the  User's 
Guide  at  Appendix  A. 

The  first  part  of  SIMSMOKE  is  called  "command  guidance",  This 
is  a check  to  see  if  the  user  desires  for  the  west  force  (defender) 
or  the  east  force  (attacker)  or  for  both  forces  to  employ  smoke. 

The  input  variable  is  ICG,  and  can  be  assigned  a value  of  zero 
through  three.  Zero  indicates  that  neither  side  uses  smoke,  one 
means  that  only  east  uses  smoke,  two  means  that  only  west  uses 
smoke,  and  three  means  both  sides  use  smoke,  A flow  chart  of 
command  guidance  is  shown  in  figure  8, 

Since  an  attacker  and  a defender  use  different  smoke  employment 
tactics,  the  program  does  line-of-sight  calculations  twice  if  both 
sides  use  smoke.  The  program  logic  is  different  for  each  side. 

The  second  block  of  logical  statements  is  "type  of  operation". 
The  subroutine  examines  if  the  east  force  is  moving  toward  his 
objective,  not  moving  at  all,  or  moving  away  from  his  objective. 

The  appropriate  type  of  operation  is  assigned  to  the  variable  TYP, 
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GO  TO  "Type  of  Operation" 


RCltJKN  to  S1MTLR 
Neither  side  uses 
smoke. 


GO  TO  west  side 
intervisibility 
calculation.  Only 
west  uses  smoke. 


Figure  8.  Command  Guidance 


The  weather  in  a battle  area  has  considerable  effect  on  smoke 
employment.  It  determines  whether  or  not  smoke  should  be  used  and 
how  It  should  be  used.  The  significant  factors  include  wind  speed, 
wind  direction,  tei.  ocrature , humidity,  precipitation,  cloud  cover, 
and  temperature  gradient.  For  the  purpose  of  incorporating  smoke 
into  SIMSMOKt  and  most  other  Army  simulations  these  factors  may  be 
aggregated  into  wind  speed,  wind  direction,  and  atmospheric  stability. 
The  latter  term  is  a parameter  which  Is  used  to  predict  whether  a 
smoke  cloud  will  rise  rapidly  (lapse),  rise  moderately  (neutral), 
or  remain  at  a constant  altitude  (inversion),  The  wind  direction 
for  this  model  may  be  categorized  as  a headwind,  tailwind,  crosswind, 
or  quartering  wind.  Linder  certain  circumstances  the  wind  conditions 
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I mm  "Command  Guidance" 


IF  movement  is 
toward  objective 
TYP=OFFENSE 


IF  movement  is 
away  from  objective 
TYP=WITHDRAWAL 


IF  there  is 
no  movement 
TYP=DEFENSE 


T 


GO  TO  "Weather  Conditions" 
Figure  9.  Type  of  Operation 


dictate  courses  of  action.  One  case  is  when  the  wind  is  greater  than 
8 meters  per  second.  The  wind  is  too  strong  for  the  smoke  to  form 
into  a useful  size  and  shape  cloud;  consequently,  smoke  should  not  be 
used.  A second  case  is  when  an  attacker  has  a headwind.  If  he 
fires  smoke  in  front  of  his  objective,  the  smoke  will  drift  back 
onto  his  own  forces.  Again,  smoke  should  not  be  used,  The  flow 
chart  for  the  weather  logic  is  provided  on  the  following  page,  WS 
is  the  wind  speed,  WD  Is  the  wind  direction,  STB  is  the  stability 
condition,  and  ZV  Is  the  rate  of  rise  of  the  smoke  cloud, 

The  final  set  of  questions  answered  by  SIMSMOKE  before  the  smoke 
rounds  are  fired  include  "How  many  rounds  are  available  to  fire  the 
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From  "Type  of  Operation 


IF  STB. EQ. INVERSION 
ZV=0 


IF  STB. EQ. NEUTRAL 
ZV=2 


IF  STB. EQ. LAPSE 
ZV=4 


T 


Figure  10.  Weather  Conditions 
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mission?",  "What  kind  of  smoke  rounds  are  they?",  and  "How  many 
tubes  are  available  to  fire  them?"  All  of  these  are  answered  using 
Input  data. 

The  remainder  of  the  main  program  includes  the  dynamics  of 
firing  the  rounds,  calling  the  1 ine-of-sight  subroutines,  and 
updating  the  locations  of  the  smoke  clouds  as  they  drift  downwind. 

To  assist  in  the  explanation  of  these  dynamics,  illustrations  and 
a sample  scenario  are  provided, 


Figure  11.  Sample  Scenario 

An  attacker  is  moving  from  east  to  west  along  a preselected  route. 

His  objective  is  to  assault  the  defending  force  on  Hill  250, 

Assuming  that  the  attacker  has  been  directed  to  use  smoke  on  his 
objective,  the  first  question  he  will  ask  is  "When  should  I have 
my  artillery  or  mortars  fire  smoke?"  To  answer  this,  the  model 
first  calculates  the  distance  between  the  attacker  and  the  objective, 
[f  the  attacker  is  beyond  the  range  of  the  defender's  ATGM,  no  smoke 
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i s tired.  However,  as  soon  as  he  moves  within  range,  the  program 
automatically  represents  smoke  in  accordance  with  the  doctrine 
mentioned  in  Chapter  II,  Likewise,  when  the  attacker  reaches 
the  vicinity  of  his  objective,  the  smoke  is  shut  off.  The  next 
question  for  the  attacker  to  answer  is  "Where  should  I fire  the 
smoke?"  The  answer  to  this  depends  upon  the  wind,  In  all  cases 
the  model  will  place  the  smoke  between  the  attacker  and  the  defender, 
never  on  or  behind.  The  objective  is  to  have  all  of  the  cloud 
between  the  two  forces.  A smoke  cloud  which  lands  to  the  rear  of 
the  defender  may  drift  onto  him  but  much  of  the  smoke  will  be 
wasted.  Since  the  purpose  of  employing  smoke  is  to  obscure  the 
defender's  view  of  the  attacker,  the  smoke  is  placed  so  that  it 
will  always  drift  into  the  1 ines-of-sight,  Possible  cases  are 
il lustrated  below. 
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Once  the  genera]  location  of  the  center  of  mass  of  the  smoke 
sheaf  has  been  determined,  the  next  step  is  to  determine  the  impact 
points  of  individual  rounds.  It  is  assumed  that  the  first  rounds  of 
smoke  will  be  fired  simultaneously  by  all  tubes  of  the  battery  or 
platoon.  They  will  also  impact  in  a sheaf  with  rounds  fairly  equally 
spaced  apart.  The  distance  between  the  rounds  will  be  determined 
by  the  width  of  the  sheaf.  Subsequent  rounds  will  arrive  at  the 
average  firing  rate  of  the  battery  as  a whole,  and  the  rounds  will 
Impact  at  random  points  along  the  long  axis  of  the  sheaf,  If  at 
any  time  during  this  firing,  the  number  of  rounds  fired  exceeds  the 
number  of  rounds  allocated,  the  smoke  mission  is  automatically 
terminated. 

At  this  point  in  SIMSMOKL,  the  HC  or  WP  1 ine-of-s ight  subroutines 
are  called  to  see  if  intervisibility  exists.  These  subroutines  are 
covered  in  detail  in  the  next  section. 

The  remainder  of  the  main  program  deals  with  moving  the 
center  of  mass  of  the  WP  smoke  cloud  and  the  tail  of  the  HC  smoke 
cloud  downwind.  This  consists  of  finding  the  product  of  the  wind 
speed,  time  interval,  and  appropriate  trigonometric  function  of  the 
wind  direction.  The  vertical  movement  is  also  updated  based  on  the 
input  atmospheric  stability  conditions, 

If  the  user  should  desire  to  have  the  defender  (west)  employ 
smoke,  then  the  model  will  direct  that  Intervisibility  again  be 
determined.  The  defender  version  of  the  main  program  is  almost 
identical  to  that  of  the  attacker.  The  only  major  difference  is 
that  the  defender  fires  smoke  on  the  lead  element  of  the  attacker 
at  the  maximum  effective  range  of  the  defender's  ATGM,  In  the 


case  just  covered,  smoke  was  fired  in  front  of  the  enemy. 

Line  of  Sight  Subroutines 

Both  of  the  1 ine-of-sight  subroutines  compute  if  a straight 
line  and  a three  dimensinal  solid  intersect.  In  these  cases  the 
straight  line  represents  the  line  between  the  attacker  position  and 
the  defender  position,  and  the  solid  represents  a smoke  cloud.  If 
the  line  intersects  any  one  of  the  solids,  then  the  smoke  blocks 
1 ine-of-sight  and,  therefore,  intervisibility  does  not  exist. 

The  first  subroutine,  WPLOS,  does  the  calculations  for  the 
white  phosphorous  rounds.  The  assumption  is  made  that  the  shape 
of  a WP  cloud  is  spherical.  The  main  program  passes  the  current 
locations  of  the  center  of  masses  of  each  smoke  round  and  the  loca- 
tion of  both  the  attacker  and  defender.  The  subroutine  converts 
this  information  into  equations,  and  calculates  if  the  perpendicular 
distance  between  the  line-of-sight  and  each  of  the  sphere's  centers 
Is  larger  or  smaller  than  each  of  the  sphere's  radius.  If  one  of  the 
distances  is  less  than  a radius,  then  there  Is  no  intervisibility. 

The  subroutine  returns  a binary  response  to  the  intervisibility 
query,  i.e.,  "1"  indicates  there  is  line-of-sight  or  "0"  indicates 
there  is  not. 

The  HC  subroutine  is  more  complicated,  The  first  problem  was  to 
determine  if  there  is  a fairly  common  three  dimensional  figure  which 
closely  resembles  the  HC  smoke  cloud,  A three  dimensional  cone 
appeared  to  be  the  most  realistic  and  subsequently  was  selected. 
Although  not  as  simple  as  solving  for  the  intersection  of  a line 
and  a spheroid,  the  solution  for  a line  and  a cone  is  a trivial 
operation  for  the  computer.  The  mathematics  consists  of  determining 
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the  shortest  distance  between  two  straight  lines  in  three  space. 

Uno  line  is  the  attacker-defender  line,  the  other  is  the  axis  of 
the  cone.  If  this  distance  is  greater  than  the  radius  of  the  cone's 
cross  section  along  the  perpendicular  line  then  intervisibility  does 
exist.  The  method  used  to  determine  the  shortest  distance  between 
the  two  lines  consists  of  finding  the  cross  product  of  the  two  vectors 
in  order  to  find  a line  perpendicular  to  both;  and  then  solving  a 
system  of  three  simultaneous,  parametric  equations  in  order  to  find 
the  points  of  intersection.  A summary  of  the  mathematics  is  pre- 
sented in  Appendix  C, 


Figure  14.  Cloud  Shape  Approximations 

As  with  WPLOS , the  HC  subroutine  returns  either  0 or  1 in  response 
to  Intervisibility, 

Figure  15  on  the  following  page  illustrates  typical  smoke 
missions  and  how  the  clouds  react  over  time. 
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SIMSMOKE  Interface  with  Other  Models 

The  first  two  sections  of  this  chapter  dealt  with  using 
SIMSMOKE  as  a subroutine  to  SIMTER.  For  users  desiring  to 
employ  SIMSMOKE  with  other  models,  this  section  provides 
additional  information  for  affecting  the  interface, 

SIMSMOKE  requires  three  major  types  of  input  as  shown  in 
Figure  16.  The  first  of  these  is  user  guidance  which  includes 
command  guidance,  type  of  operation,  weather  conditions,  and 
weapons  and  ammunition  available.  These  are  discussed  in 
detail  in  the  first  section  of  this  chapter  and  are  further 
discussed  in  Appendix  A,  User's  Guide. 

The  second  block  of  input  information  required  by 
SIMSMOKE  is  terrain  data.  The  program  must  be  provided  with 
the  altitude  of  the  terrain  on  which  the  attacker  and  the  de- 
fender are  located,  as  well  as  the  altitude  of  the  terrain  at 
the  points  of  impact  of  the  smoke  rounds.  When  SIMSMOKE  is 
used  with  SIMTER,  the  altitude  of  the  smoke  rounds'  impacts  are 
determined  within  SIMSMOKE, 

The  third  type  of  input  data  consists  of  the  map  coordi- 
nates of  the  opposing  elements.  The  defender  location  will 
be  fixed,  while  the  attacker  location  will  consist  of  an  array 
of  (X,Y)  data  points  as  the  attacker  moves  towards  the 
defender.  Depending  upon  the  models  with  which  SIMSMOKE  is 
used,  terrain  and  route  information  may  be  combined,  The 
important  point  Is  that  SIMSMOKE  must  have  X,  Y,  and  Z values 
tor  the  attacker,  defender,  and  smoke  round  impacts  in  order 
to  develop  equations  for  Intervisibility  calculations. 


Figure  16.  Model  Interface 


The  output  provided  by  SIMSMOKE  is  a "1"  for  intervisibility 
or  a "0"  for  no  mtervislbil ity.  Since  many  hi yh  resolution 
combat  models  have  sophisticated  probability  of  detection 
routines,  this  binary  response  should  be  expanded  as  smoke 
performance  data  becomes  available.  Chapter  V presents  recom> 
mendations  on  this  subject, 

So  far  In  this  section  on  interface,  the  discussion  has  been 
limited  to  what  SIMSMOKE  requires  and  what  it  provides  a larger 
model.  It  is  also  necessary  to  comment  on  where  in  a simulation 
SIMSMOKE  will  be  placed.  Most  Army  combat  models  have  a similar 
sequence  of  events.  This  includes  the  following: 

a.  Determining  if  intervisibility  exists  between  opposing 
elements. 

b.  Determining  if  each  side  detects  the  other,  once 
intervisibility  has  been  established. 

c.  Firing  at  the  targets  detected  in  the  previous  step. 

d.  Assessing  the  damage  which  results  from  the  firing 
engagement. 

Depending  upon  the  model  with  which  SIMSMOKE  is  used,  SIMSMOKE 
will  most  likely  be  placed  between  (a)  and  (b)  above. 


30 


CHAPTER  IV 

VERIFICATION  AND  SENSITIVITY  ANALYSIS 

The  purpose  of  this  chapter  is  to  aemonstrate  that  SIMSMOKE 
is  in  fact  representing  smoke  as  explained  in  the  previous  chapter 
and  that  the  model  does  respond  to  changes  in  input  variables 
selected  by  the  user.  There  is  no  attempt  here  to  draw  conclu- 
sions about  the  effectiveness  of  smoke  employment  on  the  outcome 
of  a battle. 

The  output  information  available  to  the  user  is  first  explained 
as  an  aid  to  understanding  the  model.  That  portion  of  output 
which  pertains  solely  to  SIMTER  is  discussed  in  detail  in  the 
SIMTER  reference.9  The  explanation  which  follows  is  limited 
primarily  to  the  SIMSMOKE  model. 

The  first  block  of  information  is  a matrix  of  the  input 
variables  supplied  by  the  user. 


WEST 

EAST 

WILL  EMPLOY  SMOKE 

NO 

YES 

NUMBER  OF  TUBES 

6 

6 

NUMBER  OF  ROUNDS 

50 

50 

BURSTING  RADIUS 

20,0000 

20.0000 

FIRING  RATE 

.2000 

.2000 

SCREEN  SIZE 

200.0000 

200,0000 

RANGE  AT  A-T  WPNS 

3000,0000 

3000,0000 

Table  2.  Output  Matrix  of  Input  Variables 
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Ihe  second  block  of  output  information  is  a second-by-second 
description  of  attacker  locations  and  speed  of  movement,  followed 
by  intervisibility  data,  The  first  column  supplies  the  time  in 
seconds,  At  the  beginning  of  each  battle  the  time  is  set  to  zero. 
The  next  three  columns  are  map  coordinates  and  e,  ovation  of  the 
attacker,  and  the  fifth  column  indicates  attack  speed  along  a 
predetermined  attack  route,  for  all  iterations  executed  in  this 
study,  the  speed  is  a function  of  the  terrain  slope,  The  next 
column,  labeled  "Visper",  indicates  whether  (1)  or  not  (0)  the 
attacker  can  be  seen  by  the  defender.  Visper,  along  with  "% 

Exposed"  and  "Tgt  (area)  Exposed",  pertain  to  terrain  masking 
only.  Since  the  outer  edge  of  a smoke  cloud  is  not  clearly  defined, 
the  target  is  treated  as  a point  target.  The  final  three  columns 
indicate  the  number  of  smoke  rounds  fired  by  each  side  and  whether 
smoke  interferes  with  Intervisibility.  The  last  entry  mentioned, 
"Vismok",  returns  either  a "0"  or  a "1".  Table  3 presents  an 
excerpt  of  a sample  output. 

The  final  output  data  (Table  4)  consists  of  a summary  of  results 
of  each  run  of  the  program.  This  includes  a list  of  the  Intervisi- 
bility segments  and  thei<"  lengths,  distance  traveled  both  covered 
and  uncovered,  average  length  of  intervisibility  segments,  and 
per  cent  of  the  time  intervisibility  exists.  The  last  entry  men- 
tioned pertains  only  to  terrain  masking, 

In  order  to  demonstrate  the  SIMSMOKE  program's  ability  to 
represent  tactical  smoke,  numerous  test  runs  of  the  model  were 
conducted.  The  objective  of  these  test  runs  was  to  test  the 
model's  sensitivity  to  changes  in  external  variables,  In  parti- 
cular, wind  speed,  wind  direction,  bursting  radius,  atmospheric 
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1NTLRV ISIB1L 1 1 Y SEGMENT  LENGTHS 


1 

167.907 

2 

154.190 

3 

146.699 

4 

23.084 

5 

118.557 

6 

49.660 

7 

1856.918 

DISTANCE 

DISTANCE 

TOTAL 

AVG  DISTANCE 

PER  CENT  TIME 

UNCOVERED 

COVERED 

DISTANCE 

INTERV1SIBLE 

INTERVISIBLE 

2617.014 

1919.219 

4436.233 

314.627 

.638 

Table  4.  Summary  of  Results 

stability  conditions,  and  type  of  smoke  were  each  altered  on 
seperate  executions  of  the  program.  Screen  width  and  number  of 
weapons  firing  were  not  changed  because  of  their  interdependence 
with  bursting  radius.  To  seperate  terrain  masking  from  smoke 
masking  an  initial  run  was  made  without  smoke,  The  results 
indicated  that  the  attacker,  as  he  moved  upon  his  objective, 
was  not  visible  to  the  defender  36,20  per  cent  of  the  time, 

The  terrain  and  route  shown  In  Figure  17  remained  unchanged 
for  all  subsequent  executions  of  the  program.  Average 
height  of  the  peaks  is  100  meters. 

The  test  consisted  of  two  major  blocks,  attacker  using  WP 
smoke  and  attacker  using  HC  smoke,  Within  these  blocks  the 
other  external  variables  were  changed,  The  first  group  of  tests 
used  wind  speeds  of  one,  four,  and  nine  meters  per  second.  The 
difference  in  distance  traveled  while  masked  by  smoke  or  terrain 
using  windspeeds  of  one  and  four  meters  per  second  was  about 
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Figure  17.  Terrain  and  Route 

one  per  cent,  or  42.09  and  43.26  per  cent  as  compared  with  the 
initial  masking  of  36.20  per  cent  with  no  smoke.  The  nine  meters 
per  second  wind  speed  returned  a "Too  windy  for  smoke"  error 
message. 

The  second  series  of  tests  changed  wind  direction,  using  a 
fixed  wind  speed  of  two  meters  per  second.  Applying  wind 
directions  of  300  and  150  degrees,  the  masking  again  changed  about 
one  per  cent. 

The  final  test  In  the  first  block  consisted  of  increasing  the 
bursting  radius  of  the  smoke  rounds  from  twenty  up  to  forty  meters. 
As  expected,  the  change  was  significant,  Distance  traveled  while 
totally  obscured  jumped  from  43.51  per  cent  to  52,87  per  cent, 

With  six  rounds  equally  spaced  over  a 200  meter  screen  width,  the 
bursting  radii  overlap. 

The  second  block  of  tests,  which  consisted  of  the  attacker 


BLOCK  1 

last  lorce  Using  WP  Smoke 
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Run 

Wind 

Wind 

Bursting 

Atmosphere 

Per  Cent 

Number 

Speed 

Direction 

Radius 

Stability 

Masked 

0 

Not  Used 

• 36.20 

1A 

1 

60 

20 

Neutral 

42.09 

2A 

4 

60 

20 

Neutral 

43.26 

3A 

9 

60 

20 

Neutral 

Too  Windy 

4A 

2 

300 

20 

Neutral 

42 ,54 

5A 

2 

150 

20 

Neutral 

43,51 

6A 

2 

150 

40 

Neutral 

52.87 

BLOCK  2 

East  Force  Using  HC  Smoke 


Run 

Wind 

Wind 

Bursting 

Atmosphere 

Per  Cent 

Number 

Speed 

Direction 

Radius 

Stability 

Masked 

IB 

1 

60 

20 

Neutral 

41.36 

2B 

4 

60 

20 

Neutral 

39.09 

3B 

9 

60 

20 

Neutral 

Too  Windy 

4B 

2 

300 

20 

Neutral 

41.27 

5B 

2 

150 

20 

Neutral 

42.29 

68 

2 

150 

40 

Neutral 

51,30 

Additional  Runs 


Run 

Wind 

Wind 

Bursting 

Atmosphere 

Per  Cent 

Number 

Speed 

Direction 

Radius 

Stability 

Masked 

7 West 

2 

150 

20 

Neutral 

48.51 

WP 

8 West 

2 

150 

20 

Neutral 

27.01 

HC 

9 East 

2 

150 

20 

Inverse 

56.75 

WP 

10  East 

2 

150 

2Q 

Lapse 

39,30 

WP 

11  East 

Same  as  5A  but 

Impact  moved 

to  25  meters 

WP 

from  defender  location  -- 

42.77 

Table  5,  Sensitivity  Results 


using  HC  smoke  Instead  of  WP,  was  conducted  using  the  same  values 
for  the  external  variables  as  were  used  in  the  first  block. 

These  results  are  displayed  In  Table  5.  In  general,  the  results 
of  the  HC  runs  were  comparable  to  those  of  the  WP  runs. 

Five  additional  test  runs  were  executed.  The  first  two 
were  to  check  if  the  program  operated  properly  if  the  defender 
used  smoke.  The  second  two  were  to  check  the  effect  of 
changing  the  values  of  vertical  wind  velocity.  The  assumptions 
used  in  this  program  are  that  under  inversion  stability  conditions 
the  smoke  does  not  rise,  under  neutral  It  rises  at  two  meters 
per  second,  and  under  lapse  it  rises  at  four  meters  per  second. 

As  the  results  indicate,  the  difference  between  Inversion  and 
lapse  Is  significant,  39  percent  to  56  percent.  The  final  run 
had  the  smoke  Impact  points  moved  from  50  meters  to  25  meters  In 
front  of  the  defenders.  The  result  was  a slight  drop  in  obscuration. 

Numerous  other  verification  runs  were  executed,  but  not  reported. 
These  runs  consisted  of  such  tests  as  checking  to  see  if  the  smoke 
clouds  were  In  fact  moving  downwind,  or  that  the  smoke  had  a vertical 
rise  commensurate  with  the  atmospheric  stability  conditions.  These 
were  accomplished  by  recording  and  manually  plotting  the  coordinates 
of  each  smoke  cloud  after  each  iteration  of  llne-of-slght  calculations. 

The  results  of  these  verification  runs,  along  with  the  sensi- 
tivity runs  depicted  In  Table  5,  suggest  that  the  SIMSMOKE  program 
does  represent  tactical  smoke  employment  In  a rational  and  reasonably 
realistic  manner. 
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Chapter  V 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  length  of  time  an  attacking  armored  vehicle  can  be  seen 
by  a defender,  once  the  attacker  is  within  range  of  the  defender's 
weapons,  is  extremely  important.  During  this  intervisibility 
segment,  the  defender  must  acquire  his  target,  launch  his  ATGM, 
and  track  the  round  until  it  strikes  its  target.  If  the  inter- 
vlslblllty  time  Is  less  than  the  sum  of  the  times  It  takes  the 
defender  to  complete  these  three  activities,  he  will  miss  his 
opportunity  to  kill  his  target.  Therefore,  the  effect  of  reducing 
this  Intervlslblllty  time  by  employing  smoke  Is  quite  significant. 
Since  tactical  smoke  Is  important,  it  should  be  represented 
In  appropriate  combat  simulations,  SIMSMOKE  Is  a model  which 
does  make  It  possible  to  simulate  smoke,  Used  with  terrain  and 
movement  routines,  SIMSMOKE  can  be  used  to  conduct  smoke  effect- 
iveness research  or  to  drive  larger  combat  simulations  which 
are  used  for  war  gaming  or  weapons  effectiveness  analysis. 

In  Its  current  form,  the  primary  product  of  SIMSMOKE  is  the 
methodology  It  uses  to  simulate  smoke,  Although  the  model  has 
been  used  effectively  In  Its  present  configuration,  the  program 
should  be  modified  to  meet  the  requirements  of  the  larger 
simulations  with  which  It  might  be  used,  Both  the  scope  and 
the  resolution  should  be  altered  to  provide  the  appropriate 
Interface.  Here  the  term  scope  refers  to  the  types  of  smoke 
sources  available.  More  specifically,  this  study  Is  limited 
to  artillery  or  mortar  delivered  white  phosphorous  or  HC 
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munitions.  As  more  smoke  performance  data  becomes  available, 
artillery  wick  rounds,  tank  smoke  exhaust  systems,  and  other 
smoke  dispensing  systems  could  be  added.  Smoke  grenades,  smoke 
1 pots,  and  even  smoke  from  battlefield  fires  could  be  modeled, 

The  resolution  of  SIMSMOKE  should  also  be  modified,  For 
combat  models  which  do  not  simulate  elements  smaller  chan  a 
battalion,  the  assumption  that  a smoke  cloud  either  totally 
obscures  a target  or  does  not  obscure  a target  at  all  may  be 
adequate.  However,  for  high  resolution  models  such  as  DYNTACS1® 
more  detailed  data  Is  required.  Variables  such  as  smoke  cloud 
density,  growth  rates,  terrain  Interaction,  and  electromagnetic 
wave  attenuation  by  frequency  affect  the  outcome  of  these  models, 

An  assumption  of  SIMSMOKE  is  that  the  spherical  or  conical 
clouds  are  completely  opaque  throughout  their  volumes,  This 
applies  regardless  of  the  frequency  of  the  electromagnetic 
waves  attempting  to  penetrate  the  smoke.  An  algorithm  which  uses 
variables  such  as  smoke  particle  sizes  and  available  light  could 
be  added  to  provide  varying  degrees  of  obscuration  either  for 
Visible  light  or  other  frequency  waves  such  as  near  or  far 
Infrared,11  This  capability  would  be  particularly  useful  for 
determining  probabilities  of  detection  and  hit. 

Another  assumption  of  SIMSMOKE  Is  that  a WP  round  instan- 
taneously assumes  a spherical  shape  with  a radius  equal  to 
the  Input  bursting  radius.  Moreover,  the  cloud  holds  this 
constant  shape  as  It  drifts  downwind.  If  empirical  data 
were  available  on  the  smoke  cloud  growth  as  a function  of 
time,  a suitable  equation  could  be  added  to  the  program  which 
would  enlarge  the  radius  as  the  smoke  drifted. 
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A final  assumption  which  should  be  examined  is  that  under 
inversion  or  neutral  atmospheric  stability  conditions,  drifting 
smoke  clouds  which  meet  hills  do  not  move  up  the  slopes,  while 
under  lapse  conditions  they  do.  Interaction  between  terrain  and 
smoke  needs  further  research, 

This  study  demonstrates  that  tactical  smoke  employment  can 
be  a part  of  computerized  combat  models,  SIMSMOKE  provides  a 
methodology  and  a base  for  future  smoke  modeling. 
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APPENDIX  A.  User's  Guide 


The  purpose  of  this  appendix  is  to  provide  the  user  with 
information  necessary  to  execute  SIMSMOKE  as  a subroutine  to  the 
terrain  generating  model,  SIMTER,  The  entire  program  as  listed 
in  Appendix  B,  consists  of  the  main  program  and  six  subroutines, 

The  main  program,  SIMTER,  creates  a random  piece  of  terrain 
which  represents  the  battlefield.  It  Is  up  to  the  user  to  deter- 
mine the  size  of  the  battlefield  and  to  decide  a general  roughness 
of  the  terrain.  This  Is  explained  In  more  detail  In  the  input 
section. 

The  first  subroutine,  MOVLOS,  moves  a simulated  armored  vehicle 
along  a predetermined  route  towards  Its  objective.  At  one  second 
intervals  the  program  computes  intervisibility  between  the  vehicle 
and  Its  enemy.  Function  RANORM,  the  last  subroutine  which  Is  a 
basic  part  of  SIMTER,  creates  random  normal  deviates  for  use  In 
shaping  the  terrain. 

Subroutine  SMOKE,  along  with  Its  own  subroutines  WPLOS  and 
HCLOS,  make  up  the  SIMSMOKE  package.  Collectively  these  routines 
fire  the  simulated  smoke  rounds,  move  the  smoke  clouds  downwind, 
and  further  determine  Intervisibility, 

The  final  subroutine,  DUW1Y,  Is  simply  used  to  answer  any 
call  statements  from  SIMTER  for  which  there  Is  no  answering 
program.  In  particular,  programs  CONTUR  and  PLT3D1  are  two  and 
three  dimensional  terrain  plotting  routines,  respectively.  These, 
or  similar  routines,  can  be  particularly  useful  for  examining 
the  randomly  created  terrain  and  for  determining  routes  to  be 
used  on  this  terrain.  It  Is  recommended  that  the  user  add  plotting 


packages  which  are  best  suited  for  his  computer  and  plotting 
hardware. 
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Input 

The  input  data  may  be  considered  to  have  three  distinct 
groupings.  The  first  ten  cards  pertain  to  the  SIMTER  terrain 
generation;  the  second  group  of  ten  cards  pertains  to  the 
SIMSMOKE  smoke  representation;  and  the  reamining  cards  provide 
the  MOVLOS  route  selection  and  target  size.  A complete  dis- 
play of  the  data  deck,  to  Include  variable  names  and  formats. 

Is  pictured  on  the  following  page. 

The  material  which  follows  Is  a complete  list  and  explanation 
of  the  input  variables: 


SIMTER  Variables 

N Is  the  number  of  hills  to  be  placed  randomly  about  the 
battlefield.  As  point  of  reference,  the  map  shown  in  Figure 
17  of  the  main  text  has  12  hills.  That  terrain  may  be  con- 
sidered as  consisting  of  gertly  rolling  hills, 

ISEED,  JSEED,  KSEED  are  the  seeds  for  the  various  random 
number  generators  used'  throughout  the  program, 

XMEL,  YMEL,  HITE  shape  the  N number  of  hills.  XMEL  and 
YMEL  are  the  standard  deviations  In  the  X and  Y directions  of 
a modified  bivariate  normal  distribution  which  shape  each 
hill.  HITE  Is  the  average  altitude  of  the  peaks  of  each  hill. 

For  this  study  the  hills  have  a spread  (standard  deviation)  of 
300  meters  in  both  the  X and  Y direction,  and  an  average  peak 
height  of  100  meters. 

RUFX , RUFY,  RUFP  are  the  standard  deviations  of  a normal 
distribution.  In  order  for  the  hills  to  be  different  from  one 
another,  their  spreads  and  heights  are  permitted  to  vary  normally 
around  an  average  XMEL,  YMEL,  and  HITE,  Values  used  here  are 
20  meters  for  all  three  parameters, 

RHO  Is  the  correlation  coefficient  of  the  modified  bivariate 
normal  dl strl bution . Zero  Is  usually  the  value  provided;  however, 
any  value  In  the  Interval.  (-1,1)  may  be  used.  The  result  will 
appear  as  hills  rotated  In  the  X,  Y plane, 


HT.WT.TL  (3F10.5) 


OX.OY  ( 2F 10,5) 


m 


RX(2),  RY(2) 


RX(  1) , RY(1)  ( 2F10 . 5 )_ 

M (18) 


SIMSMOKE 


M 


SMKE,  SMKW 


( FRATE.  FRATW  (2F10.5) . 

y SCRNE .SCRNM  (2F10.5) 
X RNGE.RNGM  (2F10.5) 

y BRE.BRW  (2F10.5)  

y WS ,WD  (2010,5) 

X NRDE.NROW  ^18)  

y NWPNE.NWPNW  {218) 


ICG  (18)  


SIMSMOKE  ,DOE  (2A10) 


1GRID, LOS, MAPS, ISE  (418) 


XMAP.YMAP  (2F10.5) 


INCX.INCY  (218) 


NOR.NPEEK  (218) 


K 


RHO  (F10.5 


RUFX.RUFY ,RUF 


XMEL.YMEL.HITE  (3F10.5) 


ISEED.JSEED.KSEED  (318) 


8 


Figure  A-l.  Input  Data  Deck 
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NOR,  NPEEK  indicate  whether  the  user  desires  to  vary  the  shape 
of  the  hills  as  mentioned  in  RUFX,  RUFY,  and  RUFP.  The  parameters 
are  binary,  with  "1"  being  used  throughout  this  study.  NOR  is  for 
the  spread  and  NPEEK  is  for  the  altitude. 

INCX,  INCY  determine  the  size  of  the  grid  system  for  the  terrain 
map  If  digitized  terrain  for  plotting  or  other  purposes  Is  desired. 
To  prevent  the  use  of  excessive  amounts  of  core  storage  a grid 
system  of  no  smaller  than  100  by  100  meters  is  recommended. 

XMAP,  YMAP  are  the  desired  dimensions  of  the  battlefield. 
Throughout  this  study,  a battlefield  of  6000  by  3000  meters  has 
been  used. 

IGR1D , LOS,  HAPS,  ISE  determine  the  subroutines  to  be  used. 

IGRID  provlcles  digitized  terrain  data  (X,Y,  and  Z)  for  use  with 
other  models  or  for  creating  plots.  LOS  signals  the  program  to 
call  M0VL0S  and  determine  intervisibility.  MAPS  indicates  whether 
or  not  plots  are  desired,  and  ISE  Indicates  that  smoke  is  to  be 
fired.  Data  values  are  either  "0"  or  "1". 

SIMSMOKE,  DOE  are  sample  titles  for  labelling  the  plots. 

Any  letters'  may  te  used  as  long  as  they  fit  within  the  limits 
of  the  format, 


SIMSMOKE  Variables 

ICG  tells  the  SIMSMOKE  program  which  side,  if  any,  is  to 
employ  smoke,  "0“  Indicates  neither,  "1"  means  only  east,  "2" 
only  west,  and  "3"  both  sides, 

NWPNE,  NWPNW  are  the  numbers  of  weapons  to  be  used  by  east  and 
west,  respectively,  to  fire  smoke  rounds, 

NRDE,  NRDW  are  the  numbers  of  smoke  rounds  to  be  fired  by  each 
side. 

MS,  WD  are  the  wind  speeds  in  meters  per  second  and  wind  di- 
rection Tn  radians. 

BRE,  BRW  are  the  bursting  radii  of  the  smoke  rounds  of  each 
side,  these  apply  only  to  WP  smoke.  HC  smoke  Is  assumed  to 
build  up  over  time  Instead  of  exploding. 

RNGE,  RNGW  are  the  ranges  of  each  side's  antitank  weapons, 

SCRNE,  SCRNW  are  the  widths  of  the  smoke  screens  desired  by 
each  side. 

FRATE,  FRATM  are  the  firing  rates  of  each  side's  indirect 
fire  weapons  in  number  of  rounds  per  second,  For  most  runs 
this  rate  will  be  given  as  a fraction  of  a round, 
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SMKE , SMKW  Indicate  which  type  of  smoke  each  side  will  employ. 
Either  HC  or  WHITE  PHOS  are  the  Input  variables, 

STB  is  the  atmospheric  stability  condition.  The  input  var- 
iables are  LAPSE,  NEUTRAL,  or  INVERSE, 


MOVLOS  Variables 

M is  the  number  of  turning  points  along  the  route  of  the 
attacker,  to  Include  the  starting  and  ending  points. 

The  next  M number  of  cards  are  the  X and  Y coordinates  of 
each  turning  point  along  the  predetermined  route  selected  by 
the  user. 

OX , OY  are  the  fixed  coordinates  of  the  defender. 

HT,  WT,  TL  are  the  height,  width  and  depth  of  the  target  In 
meters  as  seen  by  the  defender,  For  this  study  3,  3,  and  6,5 
were  used. 


Output 

The  output  Information  available  is  discussed  in  Chapter  IV. 
In  order  to  suppress  any  part  of  this  data,  the  user  may  simply 
remove  the  appropriate  WRITE  statement. 


APPENDIX  B.  SIMSMOKE  Program  Listing 


The  listing  in  this  appendix  was  written  for  use  with  the 
CDC  6500  computer  which  Is  operated  by  the  TRADOC  Data  Processing 
Field  Office,  Fort  Leavenworth,  Kansas, 
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??  on  Krl,N 
Pffl  K (K ) =HTr  - 
rnN'TMu-: 

?<.  ^"I T"  ( f , l r ?) 

no  1r  Krl.'l 

U p I T r t b , 1 r 3 > V M(j  ( K 1 , v <1 ' ( K' ) , P : a * ( K 1 

1 r roNVM„t 

0"Hr'  f Q » 1 0 r ) ‘I 

‘■•|-nn,ipp)ov,n'' 

rui  'IPVLrstt?  y,  PY  ,M  tM,  y (-'ll,  VMM  ,cry,  PF  AK  ,cy  ,OY,hT  , WT  , ’L  » 

*7  IP(  Irj?TP.f  u.r  »r,r*  *n  3? 

c THTP  pn^'inN  CP  1 H >•  TP(GCAM  £ F - l!r  Tho  r,;jr,  o»r[fn 
c AM1'  «8T-T*  CP  CCrPI~T  MA  Tc'r  AN'*  r L r V A T I QF! 

nptw=ymap/tncx 

rVM£P/lNTY 

xvm-p.  p 

YVfUrC.  n 
oQ  IP  < = ?,MP.0PI 
xy < <)  = yv  ry-1)  mftv 
IP)  <'1N'rTM»’£ 

C”  i ■*  l-?,NJCL 
VYIL  )- YY  (L-t  ) ♦ TMCY 
13  f'nMTTNMP 

w?rrr.  (c,  ics) 

W^l';  c 1 fc,  lfP> 

c THTF  I’cr-MON  OF  TMf  rpOG:£M  ',r'i'PS  Pr ATURFS  (HIllF) 

c PY  Uoivo  A «pnic-TPP  3TVaPT£’"  MC'MBL  OIS~r10MTI  0M, 

n0  1°  lIrltNPOW 

y = yy  f r j j 

ro  1 4 jj=i,nrcL 
Y = V Y f IJ1 
30  7*0.0 

IP(m^c.C0. 2»  on  -n 
nO  2'  J^l.M 
PtrPriy ( J1 

FP=( (X-YMU r Jl )/onv( Jll**? 

Frsr>,o*oHo»Tx-y^M(jn*(Y-YM!j(ju)/isry(j)*snY(j»» 
cc  t t |Y.T“U(J)  )/FnY(J1l**2 
A7fjl=CA*rYnl-FP*  f pr  .rr.  fFr  ) • 

! F l*  ? ( M «r»T.7)  7=  A ^ f J 3 
”0  crN”TNUF 
GO  TO  31 
2*  on  on  J*i,m 

a 7(  JlrpPAM  { J J *i-yp  (-  ( <Y-Y*«U(  jtl  (V-Y»U  ( /<?.*<TY  ( j»  **,?>  > 

TF(A^rj) ,&r.7i7=A7f  »» 

?P  r ANT  JF.’M'* 

M ”F  l 7,lt.  . 30031'  7- C.  0 
ZZ tTI. JJ1 =7 
tg  comtTmuf 
1*  O0NTTNIJr 


o a ."J  rt 
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THJP  “OVTI0N  )F  lHr 
PL  °T  IJS  TMF  PL  * To  1 , 

f-pr  b-  Cl*  F f 7 c 

UP 

A un 

P°C  PUC-.  " A tpfff  dtmfnsional 

this  portion  or  TUI- 

PFCG-Sn  rr’<' 

up 

Air 

FAlLS  fop 

A THt;Tr  0 I MF  UF  10  Nfl  1 

r L 0 " 

T F psoe  , F.O,  «n  00 

~r  ?? 

-'c*  A-i*5. 

F < 1 ) = 1 . 0 c A 
c 

r 17" f 1 ) =8. 

c T 7 " C’|tlil 

JKYY=tfcC 
LTNF"-F 

o s LL  =LT»ri(y  Y,  MOOW,  VY  ,Mi7rL  ,Z7  ,AL°HA,  OFT  t ,F  ,ttl  , oj  2?  .WK,  I »" N , K X , 
1KV,  JKY Y , l I NFO ) 

c 

c THIS  T-  0 r' " 1 0 N OF  TMf  Fp^r,-fi«  SF"p  IIP  * NO  c"CtlK-;S  6 TWj  07  MF  NSI  DM  ftL 
C POMTCU®  ‘’LOT 

clii>=o.i 

no  2C  lx's?,*}" 

FHK)=CI.{!<-1)  +p".r 
r o n T t i-i  1 1 r 

TW=  t 
IH  = F 

lTGfl)=»FALcr» 

LT,  C’ts.ToiF, 

LTG  t 7)  =.  FAlSr  » 

CALL  rUMTlit?  ( Z7,N  = FW,  Moot. , Kvnu  , CL  , ML,  ^TL  , TW,  IW,LTG) 

32  F TO  P 
r»tp 
r 

K 
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FUNCTTON  RAM0Pw(7) 

CALL  PANGfT  llb‘;rn' 

VrpftNF  ( !1 1 

PAMOnM=<SO°Tt“?«f'*^LCr.  (y)))*?Tt'f6»283?  Y J 

crTtj°fl 

FHO 
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SMB*OUTTN?  MOVLOS  (RX,  RT  ,* , N , X MU  , YM  U,  S3  X , FFAK  , 0 X , OY  , HT  , MT  , TLl 

n r Mr  NS  10  N PVf  101  »C'T(1C»  tXMl)  (5G  ) »VMUT50>  f *TX  <CD)  , PZ  ( 50  > , Pc  AK  (5  0 > , 
lxi(C"),YUFn),C7(c0),F7(5!i) 

DIMENSION  uwr  f f»  » ,S9Y(C0) 

COMMriN/F£PMrp/ICG,NWPNF,NPFNW,  NRO^.NlROW,  WS.R*'  ,=JRF  , 9RW, 
lRNGF^NGW,  SDPNF  ,fn>vu,crrf,  F”rw,  SMKE  ,SMKM,  ST  9 
COMMOm/pAp=>Y/IA  , in,rFR,0OF,!C’,ITC,ISE,  Yru‘',YrUM,TO,JO,-*'S*,TN«>' 

TMTFf,-F  TV  *>  ,SMY  , $ TR 

p PAL  NFUTF41,tN\/ffs,lAFSE 
1?0  FO»MftT<-o,,«?Cy,"Pro  CrMT  V I c I BLr  = **,F10.5) 

130  FORMAT  r*0",4Y  ,**TIME",4X  ,“»«AP  F COBCINATFS** , 3X  , **FLE  V A TIPM"  f 2X, 
l«<5orT0..t3Xt..VTcprp-,xy,"<  pXO 0?rO" , 2X , "T 0 T pXFOSEO"> 

140  FnRMAT(7X,I5,2X,F8.3,2X,F8.,3,  ?x,F9.F,2X,F6.  3,5X,I3,5X,F8.  3,7X, 
IF*. ») 

lcn  Fnp«1T(«C”,7C  X,  •*OP^PRXrP  COORDINATES") 

IF 8 F0PMAT<7X,T5, ?X,F8. 3,2X,F8. 3, ?X,F9.5,2X,F6. 3,5X,I3,5X,F8. 3, 3X, 
1F8.  3»?X,TFt?v»Ict2XfI',> 

1 P 0 FOOMA*  (10X,F1  0.  5,  ?X,  F i o.  5, 2 y,f  10.5, /••!]••) 

149  Ff'PM8T  (2X,Fp.T,lX,cF,3tlX,FF.7llX,F6.3,lX,Ff.7tlX,FP.?> 

1 e 1 FORMAT  l**0”,  3X,**niSTAN:r**,4x,  "DISTANCE",  4 X,  "TOT  AL**,5X, 

1.  •*  A V G DTSTANFF”,  3X  , "^f  c CZk’T  TT  MF"> 

IF?  FORMAT  t 3 X,  "UNCO  VFPFO",  3X  , "COV  ;FF9"  , 4 X,  "0  I ST  A NOF  •• , 3 X , 
l"TNT^RVISI9Lf  ",  TX  ,"INTt  PVISIf'LE”) 

153  FORMAT <4 X ,F8. 3, 7X , F3 , 3 , 3X, F 9, 3 , 5X, F8 , 3 , 7 Y f F 8 , 3) 

154  FOPMaT(»o«fiox,"INTFPVI«,IPILITV  SEGMENT  LENGTHS") 

155  F0RMAT <12X,I8 ,5X, FA, 51 

1F<*  FOOMAT  <"C",4V  ,"TI*F",4X,""A'5  C CORDIN  a T cs  •• , 3 X , "ELF  V A T I ON"  , 2X, 

l-pocrr»,  jx  ,**VISPEr",  3X,  "•  eXPOSE0“,2X,"TGT  € ypoSEC"  , 2X  t**en  4 f", 
??X,  "PA#  V",?X,"VISMOK”l 
TMCX^rj." 
tnf<=o,d 
T-=l 
VFL*o,c 
K J=0 
T*£F -0 

"cov-c.n 
oUMr?o.C! 
ri)r!r-n.'i 
OSI>MsO.  0 
J-n 

C r.L  r \/A  T T°N  OF 
c7=0.  O 
o"  38  1 = 1, N 

FE  X°  = f IOV-XMU  ( I » )**?MOY-Y*um>  **?)/(?.  * S 3 XCI»»»2, 

f7<I)=pfax<i>*exp  r-Frxp> 

:r(F'?fl),GT.F7)F7=F7Cn 
78  CONTTNUr 

MRI’r <6, 150) 

MPI’-FtP,  160)0  X,0V  ,f7 
TFflSE.EO.  OK.fj  T g1 
WP1TF(F, 1F4) 

GO  TC  9? 

<*t  MF  IT"(F,  1 ■*  0 ) 
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9?  no  3r>  IR=?,H 

7wt-j  = AT/'\(('vrrrn.-vrro.t))/(e)f(TD).rv(  to-i  ) 1 ) 
X=PX ( TR- 1 ) 

VrPV(Tp-l) 

tf  mtr'-OPT  ( ( V-p¥|  **  ( V-OYI  **  ?) 


THIS  popt  IHN  OF  HPVLOS  CnMFU'*:S  LIUFS  OF  SJGHT 
7 = p.  -1 

C f L CVA  T T ON  OF  TAROFT 
no  37  T = 1 , M 

nnyor ( <X-XMIMT) ) **?♦< Y-YMP ( I ) ) *♦ ?) / t Z , *S 0 X « I > »* 2 ) 

p?  ( I ♦=PF/SWf  f »£XP  {-Of  VO*  • - - — 

iF<°7m  .r,-;./)z=^zm 

TF(°7m  .Ft.  ■>  » L - I 
■*  7 rONTINUr 

FLCPr r V-0^7 / ( X-OX' 

c?=o.o 

G HFIGMT  OF  rEcRAI w AT  INT-RSFCTION 

no  7o  1=1  ,n 

snv (i) =Foy a ) 

TF«XMUm  .LT.  OX)GP  ”0  79 
IF(X*iU(TI»GT»X1G0  r0  79 

XI  <I>  = <SLOP**?»OX-F(_CF*OY«-XMU ( I) ♦SLOP^YMU(I) ) / < 1 . ♦ SL OF** 2 ) 
yt  t t»-=flpp*  (xi  m -ox) *ov 

fcXP=(  (YI  ID-XMUm  ) 7*2+  (YI  (I  )-YMU  (I) ) **  ?)/<  ?.*SDX (1)**?) 
C7(T)=RFAK(T)*FXP (-FEXP) 
if(C7(i»  .r,F.07>rz=czm 
IF(rZd)  .GE.n7>*L -I 
79  CO'd-TNUF 

C HEIGHT  of  OPSFCVFR-Tf rgcT  UNF  A"  INTEpspcyton 
7 NUM  =GGF  T ( ( X? tKl)-CY)**2MvTfKL)-CY>**2) 

H(.IH  = 7NiJH*A9F  (7-f?)  /POT 
TF  (HLIR.G-.97)  Id  F-irrr*! 

J“Ff;T| 

IFfHI.IN.G-.OY*  jccr  = 1 

TFITSF.f  0.  0)0  9 T0  M 
h^pE^JSEE 

°MT  = AT AN  » A9F ( V-OY ) / (A* 5 (X-OX) U 

CALL  cMOKF  (X,  v,7,  OX,  GY  ,F.Z,  JFFFfpx,  fy,T°  t YMU*YHU,SGX,SnY,N,P‘IAK  , 
1 PHI) 

M PrFX=9.p 
Hn=H(.T)'-n7 

IF(  (HO, r,r.  0.)  .AND,  (Hn.LF,  ;-T)  > FCFX=H0/HT 

IFfMO,r,T,HT)prry=i.o 

fos=C<JS<tmetA  ) 

A =r»HT-KPF 

TF(Fop,GT,PHT) A = l FS-FHI 
B-l.r70T9t-A 
T 4 = TL#  C0C (91 
Tn-vir*rOc  (A) 

FFL  = TAdP 
P Vf rOft  y»nr*EFL 
pxr=»Of X* 10D. 0 
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r 


lprrse.EQ.O»r.n  *8 

wf'IT'f  E,  lr8>  IT,  v,  y,  Z,V"L  ,HSfr,FXC,tXA,  I A ,15,  JcFr 
f.n  to  ti 

c8  ■'I'' I'”*  <e  , 1<-  ?»  1 1 , v,  *,7  , VtL  , JSFr  , pvr  , t*A 
'M  KJ=KJ*1 

CX=BCAK  <L  1 ♦ (X-XMtl  (L  > ) /S<"X  (L  ) * *? 
ry=P'-AK(L')*tx-^wuxLn/SL'V(L)fc,‘? 

CCVP=(  IX-XHIML)  )**?MY-YM|l(t_l  I**-5!  /(?,*SPX(L  >■**?) 
c,x=f'y*txp  ( -ct  xp» 

oy=rv»FXP(-C7xo)  5 

rTi-=FX*ro''  tTK“tf  t 4-oy*',iK,(TM«’»r » 

V^Ls*  . P-4.  0*r,EL 

PirT-rVei 

I’=T’M 

IF  ( J*'rf , ff  0. 3 ) rr  -q  41 
J = J*< 

OMNP -nu*'c  +nIS  T 
nNr  ( n snuNC 
y-i) 

41  PSUM=OSIJM*OTS* 

TF(  J'-EF.FO.O)  y-\ 

TF  ( JG^F.  fO.  r j niNC-C  . 

Xry-nrs^’CO^tTWT/n 
Y-V-HTST*SIN( TH^T A) 

rF(x,ie,RX(Fnrc  tp  ?f 

GO  T0  38 
15  C^NTTMIF 
J*=  J 

y/ISP-*e  =FLCAT  (TSFF>/FLrAT(K,.H 
WPIT!‘  »8,154) 
op  4?  J=1.JK 
SUMP -SUNC+UNC f J ) 

VFITc  tfe,  1F5I  J.III.'C  Ml 
4?  tonttnuf 

rrpvrn«lJM-SUNr 
A VTN-FUNC/FLOAT ( J) 

WPITF1F, 1p1> 

W>ITiFfle?) 

wc'TT'r  Jfc,  1F3)*»INC»0C0V,  DSUM,  AVTN,VTSr«-S 
53  »f.  ritoN 
FMP 


>1  ci  o (1  n n O o o o o n net  n a n n n n n c,  n 
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SU8PnUTI  NF  SMOKE  ( y,V,  7,  OX,OY,  07,  JS Ec  , » X , RY,  I®  , X MU,  YWIJ,  SOX  ,*:OY,M, 

1 P'-flK.PHl  > 

xmu,  vmu,  sox,  sot,  "eak,  afo  phi  a°f  simttp  va®iarlfc. 

CPM0Vr  cboh  CALLING  PT«Tr.ir^T  A NO  TIHcNSION  r>TATrMrNT  IF  USING 
SI^MOX"  WTTH  OTHTP  T- F PAT  N/MOVHm' NT  Pf-  OGRA  *‘ 

PT1r"riOM  XMl)  (SC  1 , VMIJ(^D)  ,SPV  (r  <])  , cqy  (FO  > ,PFA<<(50»  ,RX(  1C»  ,FY  (1C>  , 
lniMUOIt  t^OlilCI  , 7e>ni  11  0 » , VPi>.  (IIP) , YOR(  110)  , 7GF  (1  10) ,vwr  < 1 1 f?  > , 

? VHC  ( 1 1 0 ) , 7H'J»  11  H ) ,XGH(  110»  , YPM  ( 110  ) ,ZCH  ( 1 1C) 

A L Nf UTPAL, TNVF FSr tLAPPP 

''OMMOM/PAFRY/t/j  ,!M;Fc,r?F,irT,  IT-  ,TS"  ,»r  U’(,  YSUM,IO,  JQ,tMSK,tnSK 
rCMMPN/CAPMPP/ICG  ,MWPf.r  .NWPNW  .NEOF  ,N®ow,  WS,  WC  , 5PE.  , 8\W, 
1PNGF,PMGW,SCt;MF  ,SC  P NW,Fr,AT  ,F-‘  AT  W,  SM<F ,SM KW,  ST R 
Tk!irr,rp  TYP,SMK,STR 
1113  f-OR-A' (1V,F1C.S» 

1001  pppmAT ("C’V’OX, "HPAPWINC  PUTS  SMOKC  ON  OWN  FORCES  IN  ATTACK”) 

10n?  FORMAT ("0", IX, ”cMCKt  0 c I F T I NG  ON  T o OWM  FOSI^ION") 

1100  ‘r'TPMCT("0",lX,"Tno  WIND  Y FOc  SMOKE  **) 

CnMMANO  r>  U I n A N O r 

I o G = 0 MfcTTHLR  STOF  uses  SMOKE 
I0r.  = i ONLY  FASt  Uce-S  SMPK£ 

I CG=?  ONLY  WrS  T USFS  STOKE 
irrrT  ROTH  SIC'S  USE-  S*OKF 
Ic(TCG.PO. GO  TP  f 
IF  (TCG.EO.O)  c F T UF  N 

*****  CAST  *****  USFS  i:‘»**  S MC  KF  ***** 

Type  OF  OPp  FA  T I ON 

( 

TVSrTHOFF'N^F 
TVL=CY  (IP-D-FX  f ;r  ) 

IFfTVL.LT, 0,0  ) •'YPrfiHWTTuppf  y 
Ic  (’’VL  ,CQ.  0, 0)  T YPsTHOFrcvise 
W£  A THff 

TF (WS.GT.8.0) WRITf (6, 1 10  0) 
rTF=PMl-W0 

TF  ( (TYP.F0.7H0FFENSF)  . AMO,  (TIF.GT.  U.Y6  ) , f pl.{OIF.LT.F.CM.ANn.(Mc 
1.0T.1,5))  GO  To  f 
GO  Tn  7 

6 W®Irt(6,  1001) 

pftu°N 

CHECK  STAPTLITY  CONPITIONF 

7 7 V=  0 » 0 

IF  (STn.F0.7HNFijT*AL>  ZV=2.  0 
IF(«-tp.f;Q,5HL  APSF)  ZV=4.0 


WFAPONC  AVAIL®  RLE  ( C XTf  F M AL  GUIDANCE) 

FLTuce  CFVFLOFMFNTF  WILL  DI CT  A T F FXPANSIOM  OF  this  SrCTIPN 

AMMUNITION  availarle 

NljMpco  pp  eouf,nS  A VATLARLF  IS  NRPF 
Tr( T A, GE  » NROF  t GO  TQ  ?4 


< 


oo<">  ooo  c:  o a ooooooo  co  oooo 
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go  Tn  ?s 

?fc  TP  ( T 6 « GF.  • NPOF  1 10  = I A 
I A = 0 
PPTIION 

rypc  of  pwrKr  available  tsmkei 

THIS  c'ft'?T  OF  TH r PFPGF.AM  CO^PU-f-S  LINT  OF  St0hT  FOP  THE  fJfT  USING 
SHPKF  IN  THE  PFF"NSr 
Zb  TFtTvo.ro. 7H0fPrNFr) p~tNRN 
TF  tIQ«GF«N°DE I Rr T UR N 
3CTFRHTNF  WHCN  rp  FI^p 
PHVPrSOPT { t OX -*)••?. OMOY-Y  > ** 2, 0) 
je  (Ouyp.  £.r  .ewgmflP  *n  c 

iFrnvp.r.  li  o. r)  op  -o  f 

CM^yt  T<;  OFF  WHEN  AT~AH <FP  GFTS  WITHIN  1C<1  H^TFC^  qF  IMPfl 

FI--ST  FI\n  fONTT  OF  HASS  OF  ^H^AF 
0= TE  RMT Nf  WHlKE  rn  FIPS  "MOKE 

AIL  SHrAF  A r£  0DTENrr0  NOP"- H-SONTH 

SHf-Afc  AHF  FI^FO  GO  H£T trPS  IN  FRONT  pF  SNFMY  POSITION 
°OSITTCN  OF  eH£  AF  ( f LONG  Y AXIS)  IS  DF  Tr  r MI  ‘ISO  BY  WIN"  CIRrCTI0N 
c I PS  T 00  MW,rw,  A NO  CALM  (ONr  CASH 

8 X^rOV*-50.P 

IF(  tWS.LT.  1,5  » .OR  • t ( WPI.GT.  . T3C»  . ANO.  (WO.t-T.  Z,  *GU,  0®.  ( (WO  ,GT.  T.9?7 
1)  . ANO,  (WO.LT.  5.'- OU  t YSTH=OY-f  "PfsiF/2.  0 

vHTr  FOFTION  CC*cU~FS  SH^AF  LOCATION  FPF  GF"SSWINOS 
IF  UNO.  r,F.  G.L9>  .0"  . IWC.LF. .7«G)>  YSTH  = 0Y 
TFUWO.GF,  ?.?P»  . ANO,  (U3,Lr  . T.°2)  ) Y STH=  OX -SC3Nt. 

CONPIJT-  TNnT7IOUAL  TMPSCT  POIN”P 
?0  thsk-tmFK+1.0 

IF  (™SK»FO#l#  0)  G,r  TO  11 
GO  1? 

( VPD  f 7 ) , Xpr>  ( I ) ) ACS  ITiOPDINAT--  c QF  THE  Jm^4Ct  tH^  Itu  ROUNP. 

11  "0  9 1 = 1 , NWDNF 
Xr0  f T ) - XS 

YO UM=xCNK+SCr Nf/NWPNF 

vpo ( I ) =Y5THfYCUH- f PCPNF/NWPN- > /?. 

THF  NF  X t FIGHT  SMTE^FNT.  COMPUT”  THE  ALTTTUOF  OF  -rHL 
r MOXc  R OU  NO  I MPA  L T P(?TNT.  THiSE  APP  3ASrC  ON  SIHTrR 
OATfi,  CuANGF  Pnr  l'Sc  W I -rH  0*H:C  PROGRAMS. 

7T3-n.  Q 

OO  1C  J=1  ,N 

7»Fy-  t (ypo  tl ) -xmu  ( JU  **?.  f (vrrj  a ) -ymu  ( Jt  1 **?.)/(?.  »SPX  ( J>  * 

1 '"T t J> » 

7RT=PFAW T J)*FXF (-7RLX1 
IFt  ZPT.GF. 77R1 7 7R  = 7RT 
10  " 0,  N T I MIJP 

7^o(T)=Z7P 

9 CnNTTMUf 
TAsNWPNP 
r-  0 TG  8 * 

FJ~ST  OATTr  PY/"!^  T NON  =PUHPS  WTH  APFIVS  r I MOL  T ANFO  USL  Y 
PMCFFOING  POUNDS  A ""P  I Vc  AT  OF  S T G N A T F D f’HTNr  F A Tr  S 
iZ  GFPrOFP+rRATp 


o o o ooo  o n o 
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Ip  (CFR.LF.  icn  GO  TO  B1 

i r = t a ♦ i 

y->0  »Tfi)  =xs 

C bjhivim  NUMGFp  p.ALL  sTHTi-»rNT  PE°r NOS  UPON  Tyr>"  COMPUTER 
YCn(Tft)=ysT<-M-c;C"Nr*RaMFf.3> 

TH^  NFXT  EIGHT  ST4TcprNrc  crtHpUTr  THf  ALTITUDE  0r  T HE 
SMOKF  ROUNO  Impact  POItT,  T HI  cr  AFF  OASES  ON  '"IMTER 
PATA.  CHANGE  FOP  USp  wiTH  p PPOGRA'IP. 

77F  = 0.  0 
nn  14  J=1,N 

zr'F*=((YRr<ia*-yMiitjM**?.f(VPrtTA»-yMU(j  n**?. >/(?.*SDt(j)* 
lsny  ( j)  ) 

ZOTTrOFflK(  j|*c  Xp  (>ZPrv» 

T F ( ZOT • G F. Z?P) 7ZP  = ZFT 
14  ponttmuf 

Zr>nfift»=z',9 

ALL  PCUNHS  MOW  HAVr  IMPACT  CPOFOIMATES  fqf  HW.TW,  OR  CALF 
T F SLrpF  0"  IMPACT  IS  t»rSIPFn,  INSERT  PAL  PUL  A T I ONS  HEFP 


83  TF(pmKE.EO.10HWmi-e  PHOS)  GO  T0  21 
IF(TMSK.GT. 1. Cl  GO  T0  c4 
PO  51  1=1 , NWPNP 

yhc  m=YRp»i) 

YHCTT)=VPpm 

ZHC(I»=7PP(I) 

53  CONTINUE 
GO  TO  55 

54  *HCTM=*PP  (TA  1 
YHC<t»=YRP(IA) 

7pC  m=7FPTIAl 

«55  ntifisflop 

CALI.  HCL  Pc  tX»v.7,OX  » OY  ,07  ,XFQ,YDQ,  7FO,  JS  £r  , I A , TMSK  , XHC  , Y H C , ZHC  , 

1 ppP) 

GO  ▼0  51 

21  CALL  WPLOS(X,Y,Z,PY,CY,OZ,XFP,Yfr,ZRD,PFt,JSF' ,IA,TMSK> 

MOVE  THf  SM0<E  CLOMPS  DOWNWIND 
51  IK  = TMSK4-1 

I JrTMSK 
pp  17  1=1, IA 

xpr  m=xRr  <i»-ms*stn*wp) 

VPO  (IlrYPOm  -WS*COP  (WO) 

ZP0(T1=7FP<I)  4-Z V 
17  P ONT INUr 

ASSUMPTION!  IF  THF  SMOKE  GLOtJO  CTP  IKES  T E f = A I N IT  WILL  ASSUME  THr 
tfppA  IN  ALTTTMPE  IF  PT  A3ILT” Y CONDITION  IS  LAPS'". 

IFf  (S’P.FO.  7HIMWEk.SF»  .OF.  (STB.EQ.-HNEUTRAL)  » GO  '0  81 
?7P=n.O 
PO  1?  1=1,  IA 
00  IP  J=1  ,N 

?PF  x=  t (XPr  {T» -XMtM  M » **2. f (YRP (I) -YNU( J>  »*•?.»/ C2.*SCX (J) * 

1 S"Y ( J) 1 

7PT  = Brfl(((j)»fxp(.TC|rx) 

IrTZPT.GE.  ZZF>  7 7P  = 7F"r 
19  CPN’INUF 


t 


do  o o o o oooooo  dooo  o oooo  oonoooo 


59 


T(--(^'0m.!.T.Z7n  7Pf'(n  = 77P 
19  CONtTmuF 

91  IFlCP«.r.T.If'T>TrT  = ICTM 

THIS  ''DEPLETES  efS’  TM  ’HF  OFF''N<~r  USING  SM^KF, 

CAST  IN  THf  OrFrNSL  IS  MOT  "LAYrD  BFCAUSr  FNP“V  TS  ALSO  IN  °CC. 

»*•»  wc5U  »•»*•  uscS  **»*•  cM0KF  ***** 

DCpLACF  nv  Wi  rH  y T0  SHIC7  IMDact  POINTS  F°0y  IN  F RONT 
nr  WES"  TO  ON  *ap  op  OAST  IV AP  FLrMrNT, 

5 04  = Y 

IP(TCr,.f  0.  1)kctI'RN 

TY-ir  OF  0PFPATTON  --  WS^T  ALWAYS  IN  T Ht  OFFENSE 
WF  A "“SP. 

Te (NS, GT.8 . 0 I WRI”r (F  , 11 00 1 
OH^CK  p T A BT  LTT  Y r0K0ITI0NS 
7V=0.0 

TF(STP.F0,7HNEUTRAL>  7V=?.0 
TF(ST«.r0.5HLAPPP>7V=L.C 

WEAPONS  AV  AI  l A 0L  r C r VTFFNAL  GUIOANC"  --  NWPNW) 

AMMUNITION  AVAILABLE  (FX’T’NAL  GUIDANCE  --  NPnW) 

IF (TP,GC,NP0W1  GO  T0  41 
GO  to  4’ 

41  IF  < Iq,  GP  .N?0t>M  JOrTP 

I o=  n 
PO  T'lPN 

Type  qc  SMOKE'  AVAlLABLf  ( *'  M K N ) 

*THTC  o A rT  OF  T HP  PPQOOAM  COMPUTE5,  LINE  0r  SIGHT  FOP  WEST  USING 

S^OKE  jm  THr.  rpfPMPir 


OETFPhtnc  WHEN  TO  riPF 

up  PMVD^SQoy  < <ny-y  )**?.<]  + <OY-V»**?.0> 

S^OKr  I F Fiof.n  WHFN  F AS T PEACH'S  MA  X c.FF5CTIVF  RANGE  OF  WFST  ATGM 
IFfOMYP. GT.RNGW1  G C ”0  10O 

S'40KE  TS  SHUT  OFF  WHEN  ~ NF 14  v mfapp  OcFENST  VF  POSITIONS  llcn) 
IPlPHVP.LT.lu-C.O)  GO  To  120 

0HcC  K rCP  WIND  PPCM  THC  F A FT  WHICH  WOULD  D3IFT  SMOKF  INTO  OFFEN^-P 
POSITION,  THFFLBY  NrGATING  ITS  'JS I FE  l NS  SF  . 

IF<  ^".LT,?,^)  .AND.  (WO,GT.,?9C)1GO  TO  8"* 

GO  *p  t)U 

87  W p I T IF, IOC?) 

KPT'JPN 
«4  Y c - Y 

p,:terytne  WHccr  rr  fine 

OPNTFF  OF  HASP  0r  SHrAr  TS  ON  L FA  0 LLFMFNT  At  uAX  rFFF  CT IVE  PANG'' 
y*-=  y 

y r-  v 

c COMPUTE  INOIVIOMAL  I wo  A C " POINTS 

YSTMeys-SCRNW/7.0 


n o o 
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TtgSK-TN^K  + l.D 
IHT^K.  £0.  1.  0)  GO  TO  7 1 
r,n  T"  31 

30  n0  33  1=1 ( NWPMW 
XOP  f T1 rVC 

vSUf1=  YS')M  + GCfi  NVI/NHPMW 

yppjTlsVSTHfV^U"- r^O^NW/MWPNW) /?. 

T H r M fc  X T FIGHT  fSTS’THCurf  COMCUTf.'  ,,Hr  ALTI^UPO  OF  tmt 

FHPKf  ° G U H p IMPACT  °0 1 Nt  , TMpr-p  />.V£  QA^rr  ON  $IMTf.p 

0 A T A « rHANGc  FOF  | is  s WJTH  0TH?C  P-0G9AMS. 

77F=0. P 

p0  ’<*  J=1  ,N  ! 

7rFX  = ( < *OF<  I>  -X«*Uj  f J>  ) '**?.  f lYOr  (I)  -YMU  1 J »!**?.  ) / (2.  *S?y  ( J»  *?DYC  jl  > 
7RT  = ccAK  t J ) ♦ F yP I - ? - F X I 
IFt7r"r.GF  .37ri77Fr7.iT 
7L  rONTTNUF 
7 r'°  C H =77F 
33  COMTINl'c 
T o = ‘IW^NH 
GO  TO  ?5 

C FIPST  RATTFPY/ platoon  F0UNP5  HILL  APPIVF  S T«UL A t A NFOUSL V 
C SHCFF-np.f;  pQuf^PF  flo^iVr  3 T 0 L 5 T GMA  TF  p FILING  A T r $ 

31  pCRrrQF+FF ftTW 
IFfCDC.Lr. ITC ) GO  TO  35 
TR=T0M 

YQP ( TO ) - yc 

c FANOOM  Mi  I Hp  F c CALL  STATy£LT  ,)rP-hn<r  U°0L  T Y Pr  COMPUTER 
yoeUia|=Yf  TM  + srPNir^FANF  I'M 

C TW"  NF  XT  FIGHT  f f £ T r PO«^UT  THF  A L T IT  U?r  OF  THF  < 

c POUNC  I m PA r T POT*.:-,  THrcr  Asr  PAFFC  ON  SINT-p 

C Oft-A,  C H A N Gc  fop  USE  H T 'r  H OTHrn  ppOGFAM^,  , 

37P=  0,  C 

nO  3f  J=1,N 

7pry=((yrr(IP»-XHH(n)“*?.  + <Y''PfID)-YMJ(jn**?.)/{?,*Foy(j)- 

1S"V*  O i 

7PT  = PF AK 1J»*FXP I-7PF  X> 

IF(7P".GC«  37c*  > 7 7P  = 7P” 

36  CONTINUE 

7nc ( T p ) = 770 

r ALL  OO'UNOS  NOVI  H t V F T«PACT  CQOFOINATFP 

c 

36  IF(P«KW,tO,1CHHMT’£  PHOc)  GO  T 0 7' 

TF(T*4«r«,GT.l,  Q)  GO  t-0  5F 
n«  57  I r 1 . M w P N H 
xCHf 11 =yop  a > 
yr h 1 ti =vrc  (j 1 
30Hf  T).-70K  II  ) 
c 7 CONTTNUF 
GO  T0  18 

06  XrHtT)=yoF  dpi 
YOH ( I ) = vpo  ( IF  1 

7£H  f 7 i r 70P  ( TO ) 

pq  P»0=°PN 


Cl  o 
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CALL  HCL  Y,  Z,,'X,r"f,0  7,xrr'  ,YDP,  ’DR,  JSEt  ,IP,TN^K  ,XCH,VCH,7rH, 

1 ”cp) 
r.q  to  c •» 

CflU.  WPLOS  (X,  Y,7,0X,0V  ,G7,XrR  ,YOh;f  ZGP,  9F  W » Jof"  , IR,  TN*tO 
c tmf  fMO/r  n CUDS  ODHNWINo 

qp  T<rTNC|<H 
T IrT^K 

nn  38  i=i,  TQ 

XDpfI)=YCc'(l»-W^*'?IM(Wr>j 

v'o>fT)=Yf)Rti)-Mp*roc;(wp) 

700  ( T)  = ZOF  (T  ) 4-71/ 

38  CONTYNOP 

lpr'J  mot  mN  t IF  T H F CLOUD  STPTKrS  TFflfiA  I P IT  WILL  ASSUMP:  t9 

tc^P.AtN!  A L T I TU  oc  ir  STABILITY  CONDITION  I c LAPSE 
TF< ( STp, E0.7HINVppSh» . OR. »STP , tP.7HNFUTP Al ) ) GO  TO  8A 
770-n. c 
nn  n J=l,n 
on  UO  J= 1 , N 

7pt X= ( (Xno (T» -X  My (j) >**?,♦ (YPp (I) -YHU1J) )•*?.!/( 2, *SOX<JI »SOv 
7PT  = PcAMJ)*trYPf-73rx> 

Ul]  rONTIWijC 

IeYZno(I»  ,LT.  77»)  7rcYT*i-7ZF 

to  com*  tnuf 

C THIS  0 OPP  L F T F S wrg7  tn  T Hr  0 F F c N S P. 

85  TF(CPr.cr.  r7C»  7 T r~Ir  ^ 1 
1UD  °ET1)=>M 
cyn 


oooonooo 
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<;i|OROUtT  HF  WPLCr  ( X ,f  , 7, 0X,0Y  ,07,  XPD*rf»0, ZRP  ,9^r,  JSFT  , !»  .Th***) 

fjlMTKc  JOM  XkT  <1  r'0  ) , vrn  , C , f 7rp  (1t;o)  f TT  (1  «;r!) 

LIKJC  pr  crr,HT  M()5T  pr  CO‘-'‘JUTtO  Fp F FACw  OQUNO 

LOS  TS  COMHUT^o  ry  SfrTNO,  IF  THf  0-T  LTUF  ofloccr  AT  a CLPSrR  oict- 
A N"c  TO  THr  PFNtEp  nr  SMCKF  ClOUO  ”WAN  ITS  0 U T E SUPFACr. 

T H t c is  ACCOMPLISHED  py  0 0NrTri;o  yj  NO,  A LlN^  FPCH  THF  CENTFr  OF 
Tnr  SHOKF  CLOUD  P£. pr  I KOI  C ML  A ° TO  THE  OT  LIMF.  THIS  DISTANCE  IS 
rOMOfiCFP  WITH  THE  F/OUJO  Of  ’’HF  CLOUD 

91=0 v- y 
ppjny-Y 
p y=  r>7-  z 

I y=  TMS  K 
"0  IF  1=1,  IA 

WYPTrR0RT(51*i3nP?*n?t''3*PT| 

ATrSDOT  t <XRO  < I»  -x  > ♦ (Yrn  <T  1 -V)  **?,«■  (ZCO(I)  - 7)  **2, , 

17=S0RTtfXPPm-0XlB*?,  + (Yep<n  -OY  )**?,+  ( ZPO  (I>-OZ»  **?.  > 

S T =■  ( AT*RT  i-MYPTt  /?. 

(?.  /HYPT  >*  (S03T  ( FT -AT)  • (5T_qr  , » ,5T-HVP^) ) ) 

Y<?rF  = i 

IPTSL -N.LF.PRE) YSF  p = 0 
C MOTCf  IF  THc  '■"OKf  CLOUP  IS  ’n  r,onw  OVER  T IMF  , REPLACE  orF  W/  A FOn 
I c ( 1 X°  0 < I ) • LF  «0Y)  ,Or«  TXrn(i ) ,nT,yi >kSff=  1 
’,F(<SEE.»"O.Of  JofFr.? 

IF (KSFF, FO, ?»  P-'IPN 
15  OONtTMIF 
CETU°N 
p wp 


in 


r 
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SUO POUT  I Nr  HCLCS(X,y, Z.OX.OY.OZ, XRC,yp0,7P0, JSFE.IA.TMSK.XHC.YHC, 

1 ZHC  , °RFI 

(?  I wr  NS  TON  XHCC15C  ) , YHC  (1 5 0 I , ZHC  ( 1 5 0 > , X RD  ( 15  0 > ,Y°D  (150)  ,ZRD(150) 
ro*M"N/FAk*rF/ICn,>-IWFNE,NMPNW,NROF,NROWf  WS,  WO  , BRE.BRW. 

IT  N't r ,°NGW,SCRNF  ,SCPNW,  FRATE. FRA  TW, SMKE.SMKW.STfl 
C L^NF  OF  SIGHT  *UST  =>C  CC^PUTFQ  FOR  EACH  POUND. 

**  F A CH  POUND  ^PODUCLS  A CONE  OF  St-'OKF  WHICH  HAS  TTS  FOCUS  AT  THE 

C POIMT  OF  IMPACT.  THF  CONE  EXPANDS  TOWNWIND  OF  THIS  POINT.  ROTH 

C T hp  RADIUS  ANT  THF  LENGTH  OF  THE  CONE  ARE  A FUNCTION  OF  WIND  SPEED. 
C THIS  FUPPQUTTNF  CHECKS  FOR  AN  INTERSECTION  OF  THE  O-T  LINE  ANO 
C ONfc  OF  THr  CCNFC 

n 

A = X -OX 
H=¥ -OY 

C=7-07 

C XFP.YPD.ZFC  AFF  the  COORDINATES  OF  ^HE  EXPANDING  ENO  OF  THE  CONE 

C XHf-,rHC,ZHC  ARF  THE  COORDINATES  OF  THF  FIXED  FOCUS  OF  THE  CONE 

DO  5 1 = 1 ,IA 
P=XHC (T) -XPD(I) 

Q=YHrm  =YFrtn 
P=ZHC(II -ZcO(I> 
n=3»r-c*o 
F=p*C-A*R 
F = A y 0-°*  B 
PQ=A*A*Q“A*P 
SS= A*Q-P 

pr  = P*c*o/SO- A*C*P*-:/SQ»-r*D/ A-P*0/SS«-A*R*E/SS-F 

FD  = 7HCm  +A*o*0  Y/SS«-R*XHC  (II  /SS -R* OX/ SS*  A* R* Y HC  ( I ) XSS-OZ -C*  XHC  ( I ! 
l/A-A*P*C*OY/rO-C*P* XHC (I ) / SQ+P*C* OX/S Q-A*C*F* YHC (II /SQ+C*OX/A 
U=FD/FC 

S=tA»OY^XHC  (I)+D*U-OX»’A“YHCm-A*E*u)/SS 
T=tXHC(IlfS*P«-D*U-OX)/A 
TX=OXfT* (X-PVl 
TY  = OYM*  (Y-PY) 

T 7=  0 7 ♦ ’*  (Z-P7) 

HX=XRO  t II fr* ( XHC ( 1 1 -X  PD (I  II 
HV=YCCm*S*(YHC(I)-Ycu(II) 
w7=7RO( I) f S* (ZHC ( II -7RDII I > 

C rST  IS  THE  PFKpTNCICUL  AP  DISTANCE  between  THfr  0-7  LINE  AND  THE  CONE 
OST  = SQcT  MTx-HX)»»?,0f  (ty-hy)**2.0MTZ-HZ)**2.Q> 

C CST  IS  the  DISTANCF  from  THF  CONE  FOCUS  TO  ’HE  PEPPINDICUL AR  LINE 
C S7=  SORT  ((HX-XHC(in**2.0'MHY-YHC(I)l**2.0*(HZ-ZHC(II  I **2.0  I 
C CALCULATE  RADIUS  OF  CONE  AT  PERR INOICULAR  LINE.  if  RACIUS  IS 
C SHOFTEP  THAN  PERPINOIGULAR  LINE  THEN  INTER VISIBILITY  EXISTS 

ACN= (WS-20. 

R A?  = CST«SIN  (ACN) 

KSf F=1 

lFtOST.LE.BPDlKSEE=0 
IFf  KSEE.EO.OI  JSF.E  = 0 
f CONTINUE 
of  r ijF  N 
F N D 
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APPENDIX  C.  MATHEMATICS  OF  LINE-OF-SIGHT  CALCULATIONS 
WPLOS 

The  WPLOS  subroutine  determines  If  the  line  drawn  between  an 
attacker  and  a defender  (0-T  line)  touches  or  passes  through  any 
part  of  a spherical  smoke  cloud,  It  does  this  by  using  geometry, 

If  straight  lines  are  drawn  between  the  attacker,  defender,  and 
smoke  cloud’s  center,  a triangle  Is  formed.  Assuming  that  the 
triangle's  base  Is  the  0-T  line,  the  program  determines  the  alti- 
tude of  the  triangle  and  compares  It  with  the  radius  of  the  sphere. 
If  the  altitude  Is  longer  than  the  radius  then  the  0-T  line  misses 
the  smoke  cloud,  l.e. , Intervlslblllty  does  exist, 


Figure  C-l."  Sphere/Line  Intersection 


HCLOS 

Because  a cone  does  not  have  a single  center  but  rather  a locus 
of  centers  running  through  Its  central  axis,  a different  approach 
Is  used.  The  problem  Is  to  determine  the  shortest  distance  between 
the  cone  and  the  0-T  line,  and  then  compare  this  distance  with  the 


radius  of  the  cone,  measured  at  the  intersection  of  the  shortest 
distance  line  and  the  cone's  outer  surface, 
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Figure  C-2.  Cone/Line  Intersection 

The  shortest  distance  between  any  two  vectors  In  three  space 
Is  equal  to  the  length  of  the  line  drawn  between  and  perpendicular 
to  the  two  vectors.  The  method  used  to  determine  this  shortest 
distance  consists  of  finding  the  cross  product  of  the  two  vectors 
In  order  to  find  the  line  perpendicular  to  both  and  then  solving 
a system  of  three  simultaneous  equations  for  these  lines  In  order 
to  find  their  points  of  Intersection.  Once  the  two  points  of 
Intersection  (HX,  HY,  HZ)  and  (TX,  TY,  TZ)  are  located,  the 
Pythagorean  theorem  Is  applied  to  find  the  length  of  the  line 
(DST)  between  the  two  points.  If  DST  Is  greater  than  the  radius 
(RAD),  then  Intervlslblllty  exists. 

A summary  of  the  mathematics  for  the  HC  cloud  Is  as  follows: 

1.  Form  equations  for  the  0-T  line  and  for  the  axis  of  the  cone, 


1 
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0-T  Vector 
TX-0X+t(X-0X) 


Cone  Axis  Vector 


HX=XHC+s(XHC-XRD) 
TY-0Y+t(Y-0Y)  (C-l)  HY=YHC+s(YHC-YRD)  (C-2) 

TZmOZ+t(Z-OZ)  HZ»ZHC+s ( ZH  C-ZRD ) 

2.  Take  the  cross  product  of  the  two  vectors  In  step  (1)  to  get 
the  direction  number  for  the  line  perpendicular  to  both. 

XRD-XHC 
YRD-YHC 
ZRD-ZHC 


then 


let  X-0X»a  let  XRD-XHC=p 

YRD-YHC=q 
ZRD-ZHC-r 
br-cq 
a pc-ar 
aq-pb 

3.  Form  an  equation  for  the  line  perpendicular  to  the  0-T  line 
and  the  axis  of  the  cone. 

TX-HX+u  (br-cq) 

TY«HY+u  (pc-ar)  (C-3) 

TZ*HZ+u  (aq-pb) 
let  (br-cq)  ■ d 
(pc-ar)  ■ e 
(aq-pb)  - f 

4.  Substitute  (C-l)  and  C-2)  Into  (C-3) 

OX+at  * XHC+sp+u  (br-eq) 

OY+bt  ■ YHC+sq+u  (pc-ar)  (C-4) 

OZ+ct  ■ ZHC+sr+u  (aq-pb) 


...  --• 


5.  All  quantities  In  (C-4)  are  known  except  for  parameters 

s,  t,  and  u.  Therefore,  the  system  of  equations  (C-4)  has  three 
equations  and  three  unknowns  and  can  be  solved  by  a series  of 
substitutions. 

6.  Once  the  program  has  solved  for  s,  t,  and  u,  It  substitutes 
these  value  In  (C-l)  and  (C-2).  The  two  equations  can  then  be 
solved  for  (TX,  TY,  and  TZ)  and  (HX,  HY,  and  HZ), 

7.  Using  Pythagorean  Theorem,  the  length  DST  is  computed. 

8.  DST  Is  compared  In  length  to  the  radius  (RAO)  for  determina- 
tion of  Intervlslblllty, 
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